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EPIDEMIOLOGY, BURDEN ON HEALTH CARE, AND HEALTH CARE COSTS 
The calcaneus is the most commonly fractured tarsal bone, representing 60% of all 
tarsal fractures in adults (1). The incidence rate of calcaneal fractures is 11.5 per 
100,000 person years and these fractures occur 2.4 times more frequently in males 
than females (2). In males, the incidence rate was 16.5 per 100,000 per year, with a 
peak in the age range 20-29 (2, 3). In females the distribution is more equally spread 
throughout the age cohorts and shows a gradual increase towards the post-menopausal 
years (2).  
Calcaneal fractures lead to long-term disability and most patients are in their wage-
earning age. Although they are relatively uncommon (1-2% of all fractures), the socio-
economic burden is high. In the Netherlands the overall emergency attendance for foot 
and ankle injuries was 640 per 100,000 person years in 2010 (4). It is estimated that 
more than 25,000 people suffer from an ankle fracture each year in the Netherlands 
and the incidence is rising worldwide (4, 5). The overall costs for all patients with ankle 
and foot injuries amounted 161.9 million euro in 2010 in the Netherlands (4). An overall 
increase of 1.2% was noted in the period 2001 to 2010. Attendance rates and health 
care costs were gender- and age-related.  
CLINICAL ASSESSMENT AND DIAGNOSTICS 
Most calcaneal fractures are occupational, and are sustained by axial loading in falls 
from height (71.5%) (3). Calcaneal fractures can be divided into extra-articular and in-
tra-articular types. Extra-articular fractures are in general less invalidating and mostly 
managed non-operatively. The majority (60-75%) however are displaced intra-articular 
fractures (3).  
Patients with calcaneal fractures often have multiple concomitant injuries, the most 
commonly seen concomitant injuries were spinal injuries (6.3%) and lower limb injuries 
(13.2%) such as femoral and tibial shaft fractures, ankle fractures, hindfoot (i.e., talus 
fracture), midfoot fractures, and metatarsal fractures. A substantial number of the pa-
tients who suffered a high energy trauma (e.g., fall from height) have, beside hindfoot 
injuries, severe concomitant injuries. Hindfoot injuries are therefore often missed in 
initial assessment, since these concomitant injuries often have priority in acute trauma 
life support. It is important to consider the presence of these associated injuries during 
clinical evaluation. 
At hospital presentation, features of patients with calcaneal fractures are swelling, 
hematoma, and pain at the ankle and hindfoot region. Patients are often not able to 
bear weight on the affected foot, have functio laesa (i.e., reduced ability to pro-and 
supinate the foot), valgus hindfoot deformity, and palpation of the hindfoot is often 
painful. 
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The continuous assessment of soft tissue status is of imminent importance. It is hy-
pothesized that swelling and hematoma in combination with pressure from the inside 
(due to fracture displacement, haematoma, and edema) may result in lack of adequate 
blood supply and may develop in blisters and ischemia. The results of these features, 
skin necrosis with disastrous (infectious) sequelae, must be avoided, this hypothesis of 
soft tissue deterioration is tested in this thesis. The soft tissue condition often deter-
mines when surgical intervention is allowed. In the meantime, several swelling reduc-
tion methods (e.g., pressure bandage, plaster cast, or pneumatic compression) and 
elevation of the leg can be applied to accelerate surgical treatment and thus functional 
recovery. In this thesis a relative new approach to reduce swelling, static compression 
with cryotherapy, is evaluated. 
RADIOLOGICAL ASSESSMENT AND RADIOGRAPHIC MEASUREMENTS 
The diagnosis and management of calcaneal fractures is based on radiological examina-
tions, which initially consist of lateral and axial radiographs of the foot. Böhler’s angle 
and the angle of Gissane indicate the degree of depression and displacement of the 
subtalar joint. It is unclear what the influence of foot position during radiography on 
these angles is, therefore it is studied in this thesis. In particular Böhler’s angle is fre-
quently used as a measure for the quality of restoration of the anatomical shape after 
calcaneal fractures during follow-up. 
Böhler’s angle 
Böhler’s angle is determined in the lateral view by drawing lines from three anatomical 
landmarks; the tip of the anterior process to the highest point of the posterior calcaneal 
facet and the line from the top of the calcaneal tuberosity to the highest point of the 
joint. Normally, this angle is between 25° and 40° (6). The extent to which foot position 
attributes to this variation is unclear. 
Angle of Gissane 
The angle of Gissane runs along the posterior side of the anterior process of the calca-
neus and the anterior side of the subtalar joint and can be drawn in the lateral radio-
graphic projection Normally, this angle is between 120° and 145° (7). 
Findings on conventional lateral and axial radiographs indicate the need for supple-
mentary Computed Tomography (CT) scan. Both plain radiographs as CT scans are 
commonly used in order to decide whether a calcaneal fracture should be treated 
(non)-operatively. A CT scan accurately shows the extent of the fracture, the number of 
fragments, the degree of comminution and dislocation of the various fragments, broad-
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ening, and the congruence of the subtalar joint; factors that have to be taken into ac-
count in treatment decision making (6, 7). 
ANATOMY 
This thesis outlines the clinical aspects on management of ankle and hindfoot fractures. 
In particular for calcaneal fractures, it is essential to have a profound knowledge of the 
complex anatomy of the calcaneus, the multiple articular surfaces, surrounding soft 
tissue envelope, neurovascular bundle, and tendons. 
 
 
 
Figure 1. Superior aspect of the right foot 
(Ref: Paulsen, Waschke, Sobotta Atlas der Anatomie, 24th Edition 2017©Elsevier GmbH, Urban & Fischer, 
Munich) 
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Bones and ligamentous structures  
The hind- and midfoot are composed of seven articulating bones, the tarsus. The hind-
foot consists of two of these tarsus, the talus (ankle bone) and calcaneus (heel bone), 
Figure 1. The calcaneus is the largest of the tarsal bones and plays a crucial role in 
weightbearing, standing and walking through the Achilles tendon, the plantar fascia and 
intrinsic foot musculature. 
 
The axial compression forces caused by the body weight on the calcaneus result in a 
cortex of varying thickness and a trabecular pattern of the cancellous bone. The cortical 
bone is especially thin at the lateral wall of the calcaneus, which frequently leads to 
‘blow-out’ of the lateral wall in calcaneal fractures. The calcaneus is exposed to differ-
ent tensile forces generated by tendinous and fascial contractions (Figure 2). Another 
anatomical region in the calcaneus is the neutral triangle, a fictitious triangle with a low 
density of trabeculae and therefore prone to collapse with excessive axial forces.  
Specifically beneath the posterior facet of the subtalar joint these trabeculae are con-
centrated and form the thalamic portion. 
 
 
 
Figure 2. Lateral ligaments of the ankle joint and of the dorsolateral right foot 
(Ref: Paulsen, Waschke, Sobotta Atlas der Anatomie, 24th Edition 2017©Elsevier GmbH, Urban & Fischer, 
Munich) 
 
 
 
 
 
Chapter 1 
14 
 
Figure 3. Superior aspect of the right talocalcaneonavicular joint 
(Ref: Paulsen, Waschke, Sobotta Atlas der Anatomie, 24th Edition 2017©Elsevier GmbH, Urban & Fischer, 
Munich) 
Articular surfaces 
The subtalar surface attributes to inversion and eversion of the hindfoot and is essential 
for shock absorption and adaptation of the foot to (irregular) surfaces. 
The subtalar joint consists of three joint facets and provides articulation between 
the superior aspect of the calcaneus and the talus (Figure 3). The convex-shaped poste-
rior facet is the largest, most weightbearing and therefore most important facet. The 
(concave-shaped) middle facet and the anterior facet are merged in approximately 20% 
of the calcanei (8). The calcaneal sulcus separates the posterior facet from the middle 
and anterior facets. The area medial and superior of this sulcus is called the tarsal canal 
and at the lateral side the sinus tarsi. 
The talocalcaneal interosseous ligament is located within the sinus tarsi, this liga-
ment plays an important role in subtalar stability (9). 
The anterior process of the calcaneus is connected to the cuboid bone by the calca-
neocuboid ligaments via a concave, saddle-shaped facet. This anterior facet is part of 
the Chopart’s, mid-tarsal, joint (8). 
1
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On the medial side of the calcaneus the sustentaculum tali is located (Figure 4). The 
sustentaculum tali is important in calcaneal fracture management since this part of the 
calcaneus is rarely dislocated, a vital weightbearing structure, and therefore a decent 
anatomical structure to fixate fractured bone fragments (10). At the medial and lateral 
portion it is connected to the talus via talocalcaneal ligaments.  
Screw fixation with the sustentaculum tali as landing zone is challenging since the 
flexor hallucis longus tendon, flexor digitorum longus tendon, and the tendon of the 
tibialis posterior run dorsally beneath the inferior border of the small sustentaculum 
tali. On the lateral side of the calcaneus, underneath the peroneal retinaculum, the 
peroneal longus tendon is running inferiorly of the peroneal tubercle and the peroneal 
brevis tendon superiorly.  
 
 
 
 
 
Figure 4. Dorsal, superior and medial aspect of the foot, sustentaculum tali marked in green 
(Ref: Modified (green highlighted) from Atlas of Human Anatomy, 5th edition, Frank H. Netter). 
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Arterial and venous structures 
Arterial blood supply on the medial side of the foot in most patients is provided by the 
medial calcaneal branches of the posterior tibial artery. The posterior tibial artery bifur-
cates inferior of the sustentaculum tali into the medial and lateral plantar artery. In turn 
the lateral plantar artery continues in the medial calcaneal branches which provide the 
major vascular supply to the heel, furthermore into branches to the adductor digiti 
minimi, digital branch of the fifth phalanx and into a plantar branch (Figure 5). A varia-
ble number of medial calcaneus branches occur, and possibly communicate superficially 
with the tarsal artery or the metatarsal artery (both originating from the dorsalis pedis 
artery).  
 
Figure 5. Dorsal and plantar aspect of the foot: Diagram of arteries and bones 
(Ref: Paulsen, Waschke, Sobotta Atlas der Anatomie, 24th Edition 2017©Elsevier GmbH, Urban & Fischer, 
Munich) 
The dorsalis pedis artery originates from the anterior tibial artery and is palpable over 
the dorsum of the foot, lateral to the extensor hallucis longus. The branches of the 
anterior tibial artery supply the dorso-lateral side of the foot. The dorsalis pedis artery 
terminates into the dorsal metatarsal arteries at the first intermetatarsal space. 
More proximally, the peroneal artery originates from the posterior tibial artery and 
communicates to the lateral malleolar artery, lateral tarsal artery, and anterior tibial 
artery. The peroneal artery supplies the soleus, tibialis posterior, flexor hallucis longus, 
and peroneal muscles along its course. The lateral calcaneal branches continue from the 
peroneal artery, thus providing perfusion on the lateral aspect of the hindfoot.  
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Concerning the venous system the dorsal venous arch of the foot is a superficial vein 
that drains into the small and great saphenous vein (Figure 6).  
 
 
Figure 6. Superficial nerves and veins of the dorsal aspect of the right foot 
(Ref: Paulsen, Waschke, Sobotta Atlas der Anatomie, 24th Edition 2017©Elsevier GmbH, Urban & Fischer, 
Munich) 
Nerves 
The sural nerve is a sensory nerve in the lower leg and the foot and innervates the lat-
eral part of the foot and fifth phalanx. The medial cutaneous branch arises from the 
tibial nerve, and the lateral branch of the sural nerve is originating from the common 
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peroneal nerve. In turn, the tibial nerve and common peroneal nerve originate at the 
height of the popliteal fossa from the ischiadic nerve. 
Inferior of the medial malleolus the posterior tibial nerve divides first into the medial 
calcaneal branches (responsible for the innervation of the posterior plantar aspect of 
the foot) and more distally into the medial and lateral plantar nerves. The lateral plantar 
nerve innervates the quadratus plantae, adductor hallucis, interossei, second to fourth 
lumbricals, and lateral phalanx. The medial plantar nerve innervates the abductor hallu-
cis, flexor digitorum brevis, flexor hallucis brevis, and first lumbrical. The saphenous 
nerve is the largest cutaneous branch of the femoral nerve and has a sensory function 
in the medial aspect of the foot. 
The peroneal nerve is a sensory and motor nerve in parts of the lower leg. It de-
scends obliquely along the lateral side of the popliteal fossa and is palpable at the 
height of the head of the fibula. A laesion of this nerve can cause foot drop. It divides in 
a superficial and deep peroneal branch. The superficial peroneal nerve innervates the 
muscles of the lateral compartment of the leg (i.e., peroneus longus and peroneus brev-
is, which are responsible for eversion and plantar flexion). The deep peroneal nerve 
innervates the muscles of the anterior compartment of the leg (i.e., tibialis anterior, 
extensor hallucis longus, extensor digitorum longus, and the peroneus tertius, which 
have a dorsiflexion of the foot and extension of the toes function). 
CLASSIFICATION SYSTEMS 
In calcaneal fracture management multiple classification systems have been developed 
based on conventional radiographs (e.g., AO/OTA classification system (11, 12), Böhler 
(6), McReynolds (13), Palmer (14), Essex-Lopresti (7), Ross and Sowerby (15), Rowe (16), 
Soeur and Remy (17), Warrick and Bremner (18), Watson-Jones (19), and Wondrák (20)) 
and based on computed tomography scanning (e.g., Crosby and Fitzgibbons (21), East-
wood (22), Sanders classification (23), Zwipp (24)). The Essex-Lopresti and Sanders clas-
sifications are nowadays most frequently used in clinical practice.  
Essex-Lopresti 
The most used classification system based on radiographs is the one developed in 1952 
by Palmer and, most notably, Essex-Lopresti. In those days only radiographs were avail-
able. Palmer and Essec-Lopresti based their fracture classification on the location of the 
secondary fracture lines in displaced, intra-articular calcaneal fractures: Joint depression 
and tongue-type calcaneal fractures (Figure 7) (7).  
In joint depression type fractures the secondary fracture line runs downward poste-
rior to the impacted posterior facet, only marginally involving the tuberosity. The poste-
rior facet is compressed as a separate entity with regard to the posterior tuberosity.  
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In tongue-type fractures the secondary fracture line disperses longitudinally from 
the articular surface posteriorly into the tuberosity, resulting in a complex deformity of 
the hindfoot with the Achilles tendon attached to the displaced fragment (25). The 
posterior facet is impacted into the neutral triangle and the posterior tuberosity frag-
ment is displaced superiorly and dorsally. The articular surface of the posterior facet is 
often partially or completely in continuity with the posterior tuberosity fracture frag-
ment.  
 
 
 
Figure 7. Essex-Lopresti classification. Left: tongue-type fracture, right: joint depression type fracture. (Ref: 
www.aofoundation.org)  
Sanders 
Later, when CT-imaging became available also visualization of fracture configuration 
improved. The most widely used classification is that developed in 1993 by Sanders et 
al. (23), which is based purely on the amount and location of fracture lines in the coro-
nal CT scans at the level of the posterior calcaneal facet (Figure 8).  
 
   
 
Figure 8. Sanders classification (Ref: www.aofoundation.org). 
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MANAGEMENT OF CALCANEAL FRACTURES 
Since calcaneal fractures are devastating and have long-term impact on a patient’s life, 
it is important to inform patients about the significance of these fractures. Management 
of expectations include limb elevation, early mobilization, and smoking cessation. Con-
troversy exists on the best treatment for displaced intra-articular calcaneal fractures, 
this thesis adds information intended to elucidate the controversy on this topic. 
Non-operative treatment of calcaneal fractures may be indicated in patients with 
adequate maintenance of anatomy, minimal articular involvement (less than 2 mm 
displacement of articular surface), no gross varus or valgus malalignment, or medical 
contraindications to operative care. Non-operative treatment consist of limb elevation, 
posterior splint plaster cast, or pressure bandage that allows early range of motion 
exercises to prevent pes equinus. 
Operative treatment is generally indicated for open fractures, anterior process frac-
tures with more than 35% involvement of calcaneocuboid joint, tongue-type ‘beak’ 
fractures with high risk of posterior soft tissue complications, displaced (more than 2 
mm) intra-articular calcaneal fractures in the posterior talocalcaneal facet, > 30 degrees 
varus or 40 degrees valgus deformities, lateral or medial process fractures with > 1.5 cm 
displacement.  
The timing of surgery is considered an important factor in preventing soft tissue 
complications. When performing surgery too early, wound edge necrosis is lurking. But 
delaying surgery is not only uncomfortable for the patient but also complicates fracture 
fragment reduction. 
When a calcaneal fracture is minimally displaced, tongue-type, or of a simpler classi-
fication, fractures can be treated via a closed reduction and internal fixation (CRIF) or 
minimally invasive osteosynthesis. For the more severe fractures open reduction and 
internal fixation (ORIF) is indicated. Rarely, non-resorbable bone void fillers are injected 
in the subtalar defect during ORIF, which are assumed to allow direct full weightbearing. 
The three most widely used approaches are described below. 
Extended Lateral Approach 
Several surgical approaches for open reduction have been developed over the years. 
The oldest approach is the Extend Lateral Approach (24, 26, 27). The vertical arm of the 
incision is placed at one third the distance between the posterior aspect of the fibula 
and the anterior margin of the Achilles tendon. The straight horizontal arm of the inci-
sion was placed at the level at which the smooth skin of the lateral aspect transformed 
to the hyperkeratotic skin of the plantar aspect of the foot (glabrous junction) aimed 
just below the tip of the fifth metatarsal (28). The two incisions connect at a corner 
where the skin must be handled with infinite care. The extensive exposure makes this 
approach suitable for the majority of the displaced calcaneal fractures configurations. 
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Since the soft tissue of the foot is often bruised and fragile after high energy trauma, it 
is paramount to limit iatrogenic arterial damage as much as possible to prevent skin 
necrosis. The ‘L’ shaped flap is therefore intentionally located in the watershed area. 
Despite these measures up to 25% superficial necrosis is reported in literature (29-31). 
The risk of sural nerve damage is limited by this incision location, but partly because of 
the full thickness flap nevertheless 10% nerve damage is described (32).  
Sinus Tarsi Approach 
The Sinus Tarsi Approach has recently gained recognition as it is thought to facilitate a 
similar anatomical reduction, lower soft tissue complication rates and herewith better 
functional outcome (33, 34). The incision starts at the inferior tip of the lateral malleo-
lus and runs towards a point approximately 15mm cranial to the tuberosity of the fifth 
metatarsal bone, therefore the sural nerve is mostly protected inferiorly. 
The neurovascular anatomy of the lateral hindfoot is relatively predictable. With an 
anatomy mapping tool, Computer-Assisted Surgical Anatomy Mapping (CASAM), the 
variation of the neurovascular structures can be mapped pre-operatively (35). With this 
knowledge more ‘tailor-made’ incisions can be made and herewith iatrogenic neurovas-
cular damage might be further minimized (35).  
Medial Approach 
The medial approach is most used for fractures of the sustentaculum tali (13, 36). This 
approach is also used for debriding open fractures, as almost all open fractures occur 
over the sustentacular fragment on the medial side. The ideal incision line runs from 2 
cm inferior of the medial malleolus to 2 cm proximal of the navicular bone, and is ap-
proximately 5 cm in length following the neurovascular structures. However, in case of 
an open fracture the traumatic wound should be incorporated to avoid soft tissue ne-
crosis. Dissection deep to the flexor hallucis reveals the sustentaculum and the medial 
wall of the calcaneus.  
POST-OPERATIVE MANAGEMENT  
To avoid wound infections after ORIF, a percutaneous closed suction drain is often ap-
plied (37), sometimes followed by a computer controlled-cooling device. Since fracture 
healing normally is assured at six weeks, weightbearing is usually not allowed for at 
least six weeks, after which progressive weightbearing is allowed until full weightbear-
ing is reached. Nevertheless, more conservative post-operative weightbearing regimes 
are common, which is a burden for patient and can be accompanied with high socio-
economic costs. In this thesis it is aimed to answer the question whether earlier 
weightbearing can be recommended in the future to reduce the burden for patients. 
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LONG-TERM OUTCOMES 
In general, patients should refrain from high risk active sports and heavy axial loading of 
the fractured foot for at least three months post-operatively. Special rehabilitation 
programs are normally not required. When patients have osteosynthesis material-
related complaints, the implants can be removed approximately one year after surgery 
if consolidation is reached. Local hospital guidelines may vary on this topic. This implant 
removal could be combined with subtalar arthrolysis in case of stiffness of the subtalar 
joint (38). 
A review on the long-term outcomes of 1,730 calcaneal fractures showed that 
hardware was removed, mostly because of pain, in 11.4% of the patients (39). The av-
erage American Orthopedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot score was 
73.7 of 100 (range 63-92), the Maryland Foot Score 77.5 of 100 (range 63.5 to 90), and 
the Creighton-Nebraska Health Foundation Assessment score 82.6 of 100 (range 76 to 
86.7) (40-42). Another study with a follow-up of at least twenty years, described only 
55% good or very good clinical overall results.  
Wound infections were described in 20% of the patients, 23% of the patients were un-
able to return to work and 17.5% were unable to wear normal shoes. Persisting heel pain 
occurred in 14.8% and persisting complaints and/or the development of subtalar osteoar-
thritis leading to subtalar arthrodesis was described in 44 of 618 (7.1%) patients (39). 
OUTLINE OF THIS THESIS  
This thesis explores the variety of clinical perspectives on complex ankle and hindfoot 
injuries in a more or less chronological order. A general introduction to the topic and an 
overview of literature on ankle and hindfoot, in particular calcaneal fractures, are pre-
sented in this chapter, Chapter 1. The epidemiology and burden on health care is de-
scribed. Clinical assessment of patients with ankle or hindfoot injuries and the necessary 
(radiological) diagnostics are discussed. Followed by an elaboration on the fundamental 
anatomy and fracture classification systems. Furthermore, the management of calcane-
al fractures with different treatment modalities is presented. Finally, long-term out-
comes after displaced intra-articular fractures are described. 
First the epidemiology and health care costs of these injuries are considered. Foot 
and ankle injuries account for a large proportion of Emergency Department attendance. 
Chapter 2 presents population-based trends in attendance due to foot and ankle inju-
ries in the Netherlands from 1986 to 2010. Also a detailed analysis in health care costs 
in these patients is provided. 
The epidemiology is followed by a diagnostic study on the influence of malposition 
of the foot during radiographic diagnostics. Böhler’s angle and angle of Gissane are 
considered important parameters to guide treatment strategy in calcaneal fractures, 
1
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and also provide prognostic information during follow up. Unfortunately, inadequate 
lateral radiographs are often obtained which makes it difficult to interpret these radio-
graphic measurements adequately. In Chapter 3 the effect of lower leg malposition on 
these radiographic measurements is evaluated by simulating malposition with cranio-
caudal and posteroanterior angular variations from the true lateral radiograph. 
After a calcaneal fracture is diagnosed, screw fixation with and without the use of a 
Screw Targeting Clamp is performed and the additional value of 3D compared to 2D 
radiographs is assessed. Precise placement of sustentaculum tali screws is essential for 
restoring biomechanical stability of the calcaneus. This can be challenging due to the 
small target area and the presence of neurovascular structures on the medial side of 
the calcaneus. In a pre-clinical study described in Chapter 4 a Screw Targeting Clamp, 
which should facilitate surgeons in the right screw positioning is investigated. This study 
was aimed to evaluate the quality of sustentaculum tali and processus anterior screw 
positioning with or without this Screw Targeting Clamp. Also, the added value of perop-
erative 3D imaging over 2D radiographs alone was described. 
Subsequently, it is important to know what the most optimal choice of treatment is, 
the three most used treatments are compared. Controversy exists about the optimal 
treatment for displaced intra-articular calcaneal fractures. In Chapter 5 the outcome of 
patients with these fractures treated by open reduction and internal fixation (ORIF), 
percutaneous treatment, or non-operative methods is studied. Also insight is gained in 
the effect of treatment on health-related quality of life, overall patient satisfaction, time 
to work resumption, and the rate of complications and late interventions. 
Before and after surgery cryotherapy can be used, the influence of a computer-
controlled cooling device on soft tissue complications, pain and analgesics is evaluated 
in this thesis. Ankle and hindfoot fractures are often accompanied by a considerable 
amount of pain and herewith the need for systemic analgesics. Cooling devices have 
been developed in order to reduce swelling to make early surgery possible, reduce pain 
and the need for analgesics, wound complications, length of hospital stay, and the risk 
of adverse events. In Chapter 6 the effect of pre-and postoperative cooling on the pain 
level and analgesics use in adult patients who sustained an ankle or hindfoot fracture 
were presented. Also questions about patient satisfaction with the approach to reduce 
swelling, hospital length of stay, complication rate, and rate of secondary interventions 
were answered. 
Soft tissue is of indescribable importance in the treatment of calcaneal fractures, 
therefore the risk by the specific fracture displacement of tongue-type calcaneal frac-
tures on the posterior soft tissue heel envelope is investigated in an international study. 
Chapter 7 focuses on soft tissue complications in tongue-type displaced intra-articular 
calcaneal fractures. The specific pattern of fracture displacement in this fracture type 
can result in tension of soft tissue in the posterior part of the heel. Too much or pro-
longed tension may aggravate trauma-induced soft tissue injury. This international, 
retrospective cohort studied whether patients with tongue-type fractures exert a higher 
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risk of posterior soft tissue compromise, other complications, and late interventions 
than patients with non-tongue-type fractures. Furthermore, the effect of timing of sur-
gery on the complication rate was assessed. 
After the (non)operative treatment, patients start their long-term rehabilitation pe-
riod. The most important factor in the post-operative treatment of displaced intra-
articular calcaneal fractures is to avoid fracture displacement or implant failure. Mostly, 
non-weightbearing is recommended for six to nine weeks, followed by physical therapy 
and progressive weightbearing as tolerated for the surgically managed fractures. During 
the period of recovery and rehabilitation most patients cannot return to their normal 
daily activity. High socio-economic and psychological cost are associated with this long-
term rehabilitation period. Chapter 8 provides a review and pooled-analysis of results 
after early weightbearing in operatively treated patients with closed displaced intra-
articular calcaneal fractures. It is reviewed whether the current weightbearing regimes 
are too conservative and more progressive early weightbearing regimes could be rec-
ommended in the future. 
Finally, in order to determine the functional outcome in patients with an ankle or 
hindfoot fracture, the American Orthopedic Foot and Ankle Society (AOFAS) Ankle-
Hindfoot scale is a widely used instruments in daily clinical practice. Chapter 9 describes 
a study protocol for translating and validating the AOFAS Ankle-Hindfoot scale. Although 
the AOFAS Ankle-Hindfoot scale is commonly used, a validated, Dutch version of this 
instrument is currently not available. Such a translated and validated instrument would 
allow objective comparison across hospitals or between patient groups, and with shown 
validity and reliability it may become a quality of care indicator in future. In Chapter 10 
the AOFAS Ankle-Hindfoot scale is translated, cultural adapted, and the measurement 
properties of the questionnaire are evaluated for patients with unilateral hindfoot frac-
tures. Chapter 11 reports the validation of the Dutch language version of the AOFAS 
Ankle Hindfoot scale for patients with unilateral ankle fractures. Chapter 12 presents a 
general discussion and a vision for future research options. Chapter 13 summarizes the 
main findings presented in this thesis in English and Dutch. 
GENERAL AIM 
The aim of this thesis was to deduct lacunas in specific elements of epidemiology, diag-
nostics, treatment, outcome measurements, and post-operative recommendations in 
the management of patients with complex ankle and hindfoot injuries. These lacunas 
are discussed chronologically, from various clinical perspectives.  
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ABSTRACT 
Background: Foot and ankle injuries account for a large proportion of Emergency De-
partment attendance. The aim of this study was to assess population-based trends in 
attendances due to foot and ankle injuries in the Netherlands since 1986. A secondary 
aim was to provide a detailed analysis in health care costs in these patients. 
Methods: Age- and gender-standardized emergency attendance rates and incidence 
rates of admitted patients were calculated for each year of the study. Injury cases and 
hospital length of stay were extracted from the National Injury Surveillance System 
(non-hospitalized patients) and the National Medical Registration (hospitalized pa-
tients). Data were grouped into osseous and ligamentous injuries for foot and ankle 
separately. An incidence-based cost model was applied in order to calculate associated 
direct health care costs in the period 2006-2010. 
Results: Since 1986 the overall emergency attendance rate decreased from 858 to 640 
per 100,000 person years. In the non-admitted patients, representing 90% of cases, 
attendance rates of ligamentous injuries approximately halved, whereas osseous inju-
ries increased by 28% and 25% in the foot and ankle, respectively. The incidence rate of 
admitted patients increased by 35%, mainly due to an almost doubling of osseous foot 
and ankle injuries. Attendance rates showed a peak in adolescents and adults until ~45 
years of age in males and (less pronounced) in females. The total number of hospital 
days decreased to 58,708 days in 2010. Hospital length of stay (HLOS) increased with 
age and was highest for osseous injuries. HLOS was unaffected by gender, apart for 
longer stay in elderly females with an osseous ankle injury. The health care costs per 
case were highest for osseous injuries of the ankle (€ 3,461). Costs were higher for fe-
males and increased with age to € 6,023 in elderly males and € 10,949 in elderly fe-
males. The main cost determinants were in-hospital care (56% of total costs), rehabilita-
tion/nursing care (15%), and physical therapy (12%). 
Conclusions: Since 1986, the overall emergency attendance rate of foot and ankle inju-
ries in the Netherlands seems to have decreased by 25%. Throughout the years, the 
attendance rate of (relatively simple) ligamentous injuries strongly reduced, whereas 
the rate of osseous injuries nearly doubled. Attendance rates and health care costs 
were gender- and age-related. The main cost determinants were in-hospital care, reha-
bilitation/nursing care, and physical therapy. 
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BACKGROUND 
During the last decades, quality of trauma care (both prehospital and hospital care) has 
improved and complication rates have decreased (1, 2). Lower extremities are among 
the most frequently injured body regions in trauma patients (2-5). The majority of foot 
and ankle injuries occur during sports or work; they form a leading cause of trauma 
hospitalizations (3-7). As foot and ankle injuries account for over 20% of all injury pa-
tients visiting an Emergency Department (ED), research on trends in emergency attend-
ance and health care use in this group is needed (8). 
Population-based knowledge on emergency attendance rates, health care use and 
economic burden of foot and ankle injuries is essential for the allocation of health care 
services, optimization of preventive measures and research purposes, but it also pro-
vides a forecast for the future. Most epidemiologic studies on foot and ankle injuries 
focused on one distinct subgroup such as a specific type of injury, anatomical region, or 
age group (8-20). Most studies used data from a single hospital or a regional database 
(8, 9, 12, 15, 16, 18, 19, 21-23). Some papers used a national injury database (10, 11, 
17, 20, 24-26). No papers summarize long-term population trends in emergency at-
tendance rates, health care used and costs of all foot and ankle injuries presented to 
the emergency department at a national level. Detailed evaluations of costs, gaining 
insight in the parameters that contribute most to the overall costs, such as cost for 
hospital stay, physical therapy and rehabilitation are not available. Due to budgetary 
restraints and increasing health care costs, such economic analyses are gaining im-
portance. 
Therefore, the aim of the current study was to examine long-term population-based 
trends in the emergency attendance and associated hospitalization and health care 
costs of foot and ankle injuries in the Netherlands from 1986 to 2010. 
METHODS 
Data sources 
For this retrospective study data were collected for patients with foot and ankle injuries 
in the Netherlands in the period 1986-2010. Injury cases were extracted from the Na-
tional Injury Surveillance System (LIS) (27) and National Medical Registration (LMR) (28), 
to include non-hospitalized and hospitalized patients, respectively. LIS is a continuous 
monitoring system that records unintentional and intentional injuries. It has been im-
plemented in 17 hospital EDs, resulting in a representative 12% sample of all injury-
related ED visits in the Netherlands (27). These hospitals are geographically distributed 
across the country with their adherence population being representative for the Dutch 
population in age and gender structure (29). LMR collects data regarding hospital ad-
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missions, admission diagnosis, gender, age, and length of hospital stay. LMR is centrally 
evaluated for plausibility and completeness before entry into the LIS database (27). LMR 
has almost complete national coverage (<5% missing except 12% for 2007) and figures 
are extrapolated to full national coverage for each year. An extrapolation factor was 
determined by comparing the adherence population of the participating hospitals with 
the total Dutch population in each year (28). Patients are included in LIS and LMR ac-
cording to their main diagnosis at discharge, which is generally the most severe injury. 
Coding of patients was consistently based upon full patient chart review including rou-
tine radiological assessment as available in the patient files. 
Injuries in hospitalized patients (LMR) were defined using the International Classifi-
cation of Diseases, 10th revision (ICD-10, including codes for injuries to the lower leg 
(S82), foot (S92-93, S79), and ankle (S82, S93, S97) (30). During the study period the 
ICD-version changed from the 9th to the 10th revision version in the year 2010. Data 
encoded using ICD-9 were extracted using a conversion table developed by the World 
Health Organization Collaborating Center for the Family of International Classifications 
(WHO FIC). Injuries in non-hospitalized patients (LIS) were defined using injury type 
descriptions. In order to report data on both databases combined (which is also the 
most clinically relevant grouping), patients were grouped into four injury categories; 1) 
Osseous ankle injuries; 2) Ligamentous ankle injuries; 3) Osseous foot injuries; 4) Liga-
mentous foot injuries (Table 1). Since the LIS database contains a limited number of 
injury classes, a more detailed analysis was not possible. 
Table 1. Subdivision of the ICD-codes from the LMR database and the injury types from the LIS database in the 
four main injury groups 
 LMR database LIS database 
Foot injuries   
Osseous Fracture of calcaneus (S920) 
Fracture of talus (S921) 
Fracture of other tarsal bone(s) (S922) 
Fracture of metatarsal bone (S923) 
Fracture of other toe (S925) 
Fracture of foot, unspecified (S929) 
Dislocation of toe(s) (S931) 
Dislocation of other and unspecified parts of foot (S933) 
Fracture of foot/toe 
Dislocation of foot/toe 
 
Ligamentous  Sprain and strain of toe(s) (S935) 
Sprain and strain of other and unspecified parts of foot 
(S936) 
Sprain and strain foot/toe 
Muscle-/tendon injury foot/toe 
Ankle injuries   
Osseous Fracture of fibula alone (S824) 
Fracture of medial malleolus (S825) 
Fracture of lateral malleolus (S826) 
Fractures of other parts of lower leg (S828)  
Dislocation of ankle joint (S930) 
Fracture of ankle 
Dislocation of ankle 
Ligamentous  Sprain and strain of ankle (incl. Achilles tendon rupture) 
(S934) 
Muscle-/tendon injury of ankle 
Sprain and strain of ankle 
Achilles tendon injury 
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Data regarding hospital length of stay (HLOS) were extracted from the LMR database for 
10-year age categories. In order to assess trends in HLOS over time, the mean HLOS was 
averaged over 5-year intervals from 1991-2010.  
The time periods for the different analyses (1986-2010 for incidence rates, 1991-
2010 for HLOS, and 2010 for health care consumption and associated costs) was based 
on data availability.  
The study was exempted by the local Medical Research Ethics Committee Erasmus 
MC (No. MEC-2014-006). 
Calculation of emergency attendance and clinical incidence rates 
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 
16.0 for Windows. 
Age-specific emergence attendance rates (for all patients presented to the ED) and 
incidence rates of admitted patients (i.e., clinical incidence rates) were calculated in 5-
year age groups. This was done for the total population and for males and females sep-
arately. For each age group the absolute numbers of hospitalized and non-hospitalized 
cases with foot and ankle injuries were extracted from the LMR and LIS database, re-
spectively. Since patient numbers in the LIS database were obtained from a sample, 
they were weighted in order to create national estimates. An extrapolation factor was 
determined by comparing the number of admitted injury patients in the LIS database 
with the total number of admitted injury patients in the LMR database. In order to ad-
just for differences in the demographic composition over time, emergency attendance 
and clinical incidence rates were standardized for age (in 5-year age groups) and gender 
using a direct standardization method. The age- and gender-specific emergency attend-
ance and clinical incidence rates per 100,000 person years were calculated based upon 
the Dutch mid-year standard population. Mid-year population sizes for all age groups 
were obtained from Statistics Netherlands (31). Age-adjusted emergency attendance 
and clinical incidence rates were calculated using ‘direct standardization’ (32). The av-
erage number of persons in each 5-year age class for each year of the study (1986-
2010) was calculated. This number was used as the standard (reference) population, as 
described previously (33, 34). Overall increase in hospital admissions was calculated for 
2010 in per cents relative to 1986. 
Calculation of costs 
The incidence-based Dutch Burden of Injury Model, which has been used in ten Europe-
an countries, was used in order to measure and describe the health care costs for the 
year 2010 (24, 33, 35-38). Patient numbers, health care consumption, and related costs 
were calculated for the four injury groups using the LIS database, the National Hospital 
Discharge Registry, and a patient follow-up survey to calculate associated direct health 
care costs in 2010. The patient follow-up survey collected data on in-hospital care, out-
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patient visits, general practitioner (G.P.) visits, outpatient physical therapy, home care, 
medication, and aids and appliances (29). Costs and health care consumption are injury, 
gender- and age-dependent. In our model, the age- and injury-specific costs were based 
upon the estimated health care supplied to the individual patients. Costs were deter-
mined for the following categories: 1) ambulance care; 2) G.P. visits; 3) in-hospital care; 
4) home care; 5) rehabilitation and nursing home care; and 6) physical therapy. Health 
care costs of injuries were calculated by multiplying incidence, health care volumes 
(e.g., length of stay in hospital or institution, the number of outpatient visits, G.P. visits, 
home care hours, and physical therapy treatments) with unit costs (e.g., costs per day in 
hospital). Unit costs were estimated according to national guidelines for health care 
costing (38). Age-specific costs are presented in 10-year age groups for men and wom-
en separately. 
RESULTS 
Emergency attendances and hospital admissions 
During the study period, the absolute number of patients reporting to an ED with a foot 
or ankle injury decreased from 124,595 in 1986 to 106,157 in 2010. The emergency 
attendance rate of all injuries combined decreased from 858 to 640 per 100,000 per-
sons (-25.4%). Whereas ligamentous injuries approximately halved, osseous injuries 
nearly doubled. 
In non-admitted patients, representing 90% of patients, the overall emergency at-
tendance rate decreased by 30.2% (Figure 1A). This was mainly due to a decrease in 
ligamentous injuries of the ankle (504/100,000 in 1986 versus 228/100,000 in 2010; -
54.8%) and foot (26/100,000 in 2010; -50.9%). Osseous injuries in the foot and ankle, 
however, increased by 28.3% (152/100,000 in 2010) and 25.3% (104/100,000 in 2010), 
respectively. 
The admission rate increased from 7.6% in 1986 to 13.8% in 2010 (Figure 1B). This 
was mainly due to a 31.8% admission rate of patients with osseous ankle injuries. Ad-
mission of patients with osseous foot injuries (4.0% admitted) or ligamentous injuries in 
the ankle (3.8%) or foot (<0.1%) was low. Since 1986, the incidence rate of patients 
admitted for foot and ankle injuries increased by 35.4%. This was mostly due to in-
creased incidences of osseous ankle injuries (33/100,000 in 1986 versus 62/100,000 in 
2010; +87.9%). The incidence rate of patients admitted for a ligamentous ankle injuries 
diminished with 42.3% (26 to 15/100,000). 
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Figure 1. Trends in age- and gender adjusted emergency attendance and clinical incidence (per 100,000 
person years) of foot and ankle injuries in the period 1986-2010 for non-admitted (A) and admitted (B) pa-
tients. Emergency attendance refers to all patients presented to the Emergency Department, and clinical 
attendance refers to all patients admitted to hospital. 
The emergency attendance rates of foot and ankle injuries varied with age in males and, 
less pronounced, also in females (Figures 2A and 2B). Attendance rates showed a peak 
in adolescents and adults until ~45 years of age. Until this age the attendance rate in 
males was higher than in females. Since 1986 this peak in attendance has decreased in 
both genders. The decrease in incidence peaks at younger ages over time suggest a shift 
towards a higher mean age. Indeed, the mean age of patients increased throughout the 
study period by 8.3 years for osseous ankle injuries (from 32.1±19.7 (SD) years in 1986 
to 40.4±22.7 in 2010) and by 4.0 years for osseous foot injuries (from 31.6±18.5 in 1986 
to 35.5±20.9 in 2010), Mean ages were much more stable for ligamentous injuries (age 
increased from 25.4±15.7 to 26.7±17.9 years for the foot and from 27.0±13.4 to 
29.6±16.7 years for the ankle).  
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Figures 2C and 2D show age-trends of the four main injury types in 2010. Again, a 
peak in adolescents was seen, especially in males. Whereas the incidence in all injury 
types reduced with age in males, the incidence of osseous injuries in elderly women 
remained more stable. 
 
 
Figure 2. Trends in emergency attendance (per 100,000 person years) of foot and ankle injuries by age 
The upper panels show data for six different years for males (A) and females (B). In the lower panels, data are 
separated into osseous and ligamentous injuries of the foot and ankle. Data are shown for males (C) and 
females (D) in 2010. 
Hospital Length of Stay 
Hospital length of stay (HLOS) in four consecutive five-year periods is shown in Figures 
3A and 3B. Each period showed a gradual increase with age, yet over time the HLOS 
decreased for all age groups. The HLOS per case more than halved both in males (7.8 
days in 1991 versus 3.3 in 2010) and females (11.5 days versus 4.9). The total number of 
hospital days for men and women of all ages combined decreased from 78,951 days in 
1991 to 58,708 days in 2010. Patients aged 20-65 year accounted for 51% of all hospital 
days. 
The HLOS for different types of injuries is shown in Figures 3C and 3D (for males and 
females, respectively). Osseous injuries caused the longest hospital stay per case in 
almost every age group, with limited differences between foot and ankle injuries. HLOS 
in males and females was similar for all injury types; in every age group the difference 
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was restricted to one day at most. Exceptions to this were noted in elderly (70+) with an 
ankle injury; HLOS for osseous ankle injuries was 11.0 days in females versus 8.2 days in 
males. HLOS for ligamentous ankle injuries was 5.3 and 3.4 days, respectively. 
 
 
Figure 3. Age-related trends in hospital length of stay due to foot and ankle injuries 
The upper panels show data for four different time periods for males (A) and females (B). The lower panels 
show data for the four main categories of injuries in males (C) and females (D) in 2010. 
Costs for health care consumption 
The overall costs for all patients amounted 161.9 million euro in 2010. Between 2001 
and 2010, costs remained fairly stable; an overall increase of 1.2% was noted (data not 
shown). 
Costs per case for all injuries and age groups combined were € 1,802 for females 
and € 1,204 for males (Table 2). For all four injury groups, the costs per case were high-
er in females than in males; they were highest for osseous injuries of the ankle (€ 4,294 
and € 2,549 in females and males, respectively) and the foot (€ 1,229 and € 898), and 
were lowest for ligamentous foot injuries (€ 740 and € 653). 
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Table 2. Total and mean cost of all injuries of the foot and ankle for admitted and non-admitted patients 
(2006-2010) 
 Overall Males Females 
 N cases Cost / case (€) N cases Cost / case (€) N cases Cost / case (€) 
Admitted patients       
Osseous injuries foot 1,527 6,088 (1,469) 969 4,475 (961) 558 8,887 (2,349) 
Ligamentous injuries 
foot 
36 2,582 (199) 22 2,746 (244) 14 2,322 (129) 
Osseous injuries ankle 8,737 7,383 (1,620) 3,931 5,415 (998) 4,806 8,993 (2,128) 
Ligamentous injuries 
ankle 
2,869 2,780 (281) 2,153 2,586 (251) 716 3,364 (373) 
Subtotal 13,169 6,217 (1,307) 7,075 4,417 (764) 6,094 8,306 (1,937) 
Non-admitted patients       
Osseous injuries foot 33,511 836 (126) 16,418 687 (93) 17,092 979 (157) 
Ligamentous injuries 
foot  
5,203 685 (96) 2,502 634 (85) 2,701 732 (106) 
Osseous injuries ankle 15,916 1,308 (154) 7,832 1,110 (129) 8,084 1,500 (177) 
Ligamentous injuries 
ankle 
40,368 684 (82) 21,460 642 (69) 18,908 731 (97) 
Subtotal  94,998 842 (110) 48,213 733 (88) 46,785 955 (133) 
All patients       
Osseous injuries foot 35,038 1,065 (184) 17,387 898 (141) 17,650 1,229 (226) 
Ligamentous injuries 
foot 
5,240 698 (97) 2,525 653 (87) 2,715 740 (106) 
Osseous injuries ankle 24,653 3,461 (673) 11,763 2,549 (420) 12,890 4,294 (904) 
Ligamentous injuries 
ankle 
43,237 823 (92) 23,613 819 (86) 19,624 827 (107) 
Total  108,167 1,496 (255) 55,288 1,204 (174) 52,879 1,802 (338) 
Mean costs per case are given, with the standard deviation between brackets. 
Figure 4 shows the costs per case for the four main injury groups, separated into costs 
for different types of health care use. In addition to costs per case being higher in fe-
males than in males, costs consistently increased with age for all four injury categories; 
from 0 to 70+ years, costs for all injuries combined increased 9.2-fold in females and 
5.7-fold in males. The largest increase with age was seen for osseous injuries of the 
ankle (from € 996 to € 6,023 in males and from € 1,127 to € 10,949 in females; Figures 
4E and F) and foot (from € 571 to € 1,716 in males and from € 642 to € 3,626 in fe-
males; Figures 4A and B). Ligamentous foot injuries showed only a 1.7-fold and 2.0-fold 
increase across the age groups in males and females, respectively (Figures 4C and D). 
Costs for ligamentous injuries were independent of gender. For osseous injuries, the 
costs per case were similar in males and females until 60 years of age, but a clear gen-
der-dependency was noted for the 70+ group. 
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Figure 4. Age- and injury-related costs per case for the treatment of foot and ankle injuries in males (A, C, E, 
and G) and females (B, D, F, and H), separated into different cost determinants 
Costs per case are given for osseous foot injuries (A and B), ligamentous foot injuries (C and D), osseous ankle 
injuries (E and F) and ligamentous ankle injuries (G and H). Costs are shown separately for ambulance care, in-
hospital care, general practitioner visits, home care, physical therapy, and rehabilitation/nursing home care. 
Data for 2010 are shown for admitted and non-admitted patients combined. 
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Costs for in-hospital care consistently contributed most to the total cost per case (64-
69% of total costs in males and 45-62% in females; Figure 4). Physical therapy was the 
second largest determinant (8-19% of total costs). Ambulance care and G.P. visits each 
contributed less than 10% to the overall cost per case; they doubled or tripled over the 
age groups, but were unrelated to injury type and gender. For osseous foot and ankle 
injuries, the increase in costs over the age groups was mainly due to increased use of 
rehabilitation/nursing care and home care in the elderly. This effect was more pro-
nounced in females than in males. The age-effect on costs in ligamentous foot injuries 
was mainly attributable to increased costs for physical therapy, G.P. visits, and home 
care. Higher use of home care also explained the larger cost increase in females. For 
ligamentous ankle injuries, in-hospital costs increased more with age in males, whereas 
costs for home care and physical therapy increased more in females. 
DISCUSSION 
Since 1986 the emergency attendance rate of ligamentous foot and ankle injuries con-
sistently decreased, yet osseous injuries increased over time. Osseous injuries were the 
most expensive type of injury. The main cost determinants were in-hospital care and 
physical therapy. 
This study shows the reduction in emergency attendance over time is mainly at-
tributable to a decrease in clinically observed ligamentous ankle injuries. During the 
study period new guidelines and After Hours Medical Clinics were established (39, 40), 
so patients with minor injuries can nowadays get G.P. consultations and treatment 
24/7. The annual number of patients visiting a G.P. with distal lower extremity problems 
increased from 300,000 in 2000 to 600,000 in 2005 (39). LIS and LMR do not record 
patients visiting only a G.P., so they were not included in our study. 
The incidence rate of patients with osseous injuries strongly increased since 1986, 
especially in admitted patients. This may indicate a shift towards more complex injuries 
over time or an increase in the number of surgically treated fractures which is especially 
seen in ankle fractures (20, 41, 42). Similar trends towards increased operative treat-
ment have also been reported for other injuries (43-45). 
Several studies have shown increased incidence rates of foot and ankle injuries in 
the last decades (2, 8, 41). This is in line with an increase in fractures found in the cur-
rent study, although we noted a decrease in emergency attendance overall. The profile 
and presentation of emergency department injuries have altered and the increase in 
osseous injuries may be proportional to the increase seen in all lower limb injuries.  
Over the years, the HLOS per case decreased. Our data do not allow us to conclude 
whether that was due to improved health care programs, operative procedures and 
implants, or changes in admission and discharge guidelines. Introduction of evaluation 
guidelines like the Ottawa Ankle Rules (40) may also have resulted in earlier diagnosis 
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and subsequent earlier treatment and lower complication rates. The increase in HLOS in 
elderly women with osseous injuries suggests a role for osteoporosis, as also noted 
before (8). Osteoporotic fractures are often more complicated to treat, resulting in 
prolonged hospital stay. 
One study reported on costs of foot and ankle fractures in the Netherlands in 1999, 
using the same cost model (24). After correction for inflation, the corresponding costs 
in 2010 would be € 25.7 million (€ 861/case) for foot/toe fractures and € 54.5 million (€ 
2,870/case) for ankle fractures. The higher costs observed in the current study may be 
attributable, at least partly, to more fractures treated operatively and higher costs for 
novel implants. Also, improvement in data sources on home and nursing care and on 
operative interventions may have resulted in more accurate, most likely higher, esti-
mates of costs in the current study. 
As expected, in-hospital care (especially admission days), rehabilitation/nursing care, 
and physical therapy were the main cost drivers. Similar results have been reported for 
ankle fractures (46). In-hospital cost for osseous ankle fractures cost €4,000/case in our 
study, which was in line with data from Murray et al. reported £4730 (i.e., €4230) (47). 
The fact that the age effect was larger in females than in males may reflect that females 
tend to outlive their partners; elderly are more prone to losing their independence after 
sustaining a foot or ankle injury. Higher costs for osseous injuries were mainly attributa-
ble to longer HLOS.  
This study is unique as it is a population-based study showing national and long-term 
trends in emergency attendance and hospitalization of patients with all foot and ankle 
injuries. Detailed data on health care costs is also novel. Most studies on lower leg inju-
ries were restricted to one distinct injury or age group (8-19), focused on few hospitals, 
or were limited to (non-)hospitalized patients. Some studies used national injury data-
bases (10, 11, 17, 20, 24-26). National registry data more reliably represent the true 
health care problem than extrapolating data from one trial or hospital (27). Although 
LIS-data covers 12% of the Dutch population, international validation studies have 
shown that the mathematical model underlying the extrapolation has a high level of 
completeness and validity (27). Agreement of LIS recordings with hospital discharge 
systems and actual incidence of hospital admissions is high (27, 48). Both rural and 
urban areas and all levels of trauma care are included, supporting validity and generali-
zability of our findings. 
We also acknowledge limitations, the most obvious being that patients who only vis-
ited a G.P./sports physician were not included. Although this indicates an underestima-
tion of the problem at large, it can be expected that the excluded patients had minor 
injuries not requiring substantial treatment. Furthermore, there may be some statistical 
uncertainty due to underreporting of combined injuries, as patients are recorded based 
upon their main injury at discharge. A related limitation is that despite the introduction 
of evaluation guidelines like the Ottawa Ankle Rules (40), 8-18% of all foot fractures and 
3-22% of ankle fractures are still missed at initial evaluation (49). This likely caused a 
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bias towards a lower emergency attendance rate, but this applies to all studies. A final 
limitation is that indirect health care costs like absenteeism and work disability were not 
taken into account in the cost model. Since the majority of patients with foot or ankle 
injuries are 20-60 years, the total societal burden will be higher than our data indicate. 
For calcaneal fractures, the work absenteeism costs exceeded the direct medical costs 
(50). 
CONCLUSIONS 
The overall emergency attendance rate of foot or ankle injuries in the Netherlands 
seems to have decreased by 25% since 1986. The highest attendance was noted in 
patients aged 20-50 years. Whereas an approximately 50% reduction in ligamentous 
injuries was noted, the osseous injuries increased over time (25-28% in non-admitted 
patients, 87-100% in admitted patients), which might indicate a shift towards more 
substantial injuries. Attendance rates and health care costs were gender- and age-
related. The main cost determinants were in-hospital care, rehabilitation/nursing care, 
and physical therapy. 
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ABSTRACT 
Introduction: In calcaneal fractures, Böhler’s and Gissane’s angles are considered im-
portant parameters to guide treatment strategy (fracture reduction and internal fixation 
versus nonoperative) and provide prognostic information during follow up. Therefore, 
lateral radiographs have to be accurate. However, inadequate radiographs are often 
obtained. The aim of this study was to evaluate the effect of craniocaudal and postero-
anterior angular variations (i.e., simulate lower leg malposition) from the true lateral 
radiograph on Böhler’s and Gissane’s angle. 
Methods: In this radio-anatomical study, 15 embalmed, skeletally mature, human ana-
tomic lower limb specimens were used. Using predefined criteria, a true lateral radio-
graph (i.e., 0° angular variation) was obtained. Angular variations from this true lateral 
radiograph were made from -30° to +30° deviation in the craniocaudal and posteroan-
terior direction at 5° intervals. In each of the 420 radiographs, Böhler’s and Gissane 
angles were independently assessed by two experienced trauma surgeons. 
Results: The mean age of the specimens was 87 years (SD 9.2). Böhler’s angle decreased 
with increasing caudal angular variations (max. -4.3° deviation at -30°). With increasing 
the posterior angular variations, Böhler’s angle increased (max. 5.0° deviation at +30°) 
from the true lateral radiograph, but all deviations were within the measurement error. 
The deviation of the angle of Gissane was most pronounced in the cranial direction, 
with the mean angle decreasing by -8.8° at +30° angular variation. Varying angular 
obliquity in the caudal and posteroanterior direction hardly affected Gissane’s angle. 
Conclusion: Foot malpositioning during the making of a lateral radiograph has little 
influence on Böhler’s and Gissane’s angle. If used for clinical decision making in initial 
treatment and during follow up of calcaneal fractures, these parameters can reliably be 
taken from any lateral radiograph.  
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INTRODUCTION 
The presence of a calcaneal fracture is based on radiological examinations, which initial-
ly consist of a lateral and an axial radiograph of the foot (1). In case of a fracture, man-
agement can be surgical or nonoperative. The decision to perform an open reduction 
and internal fixation is merely based on the amount of dislocation. Although a Comput-
ed Tomography (CT) scan provides a better visualization of the extent of the fracture, 
the number of fragments and their displacement, the amount of height loss, broaden-
ing of the calcaneus and the subtalar joint congruency (2, 3), the decision to operate or 
not is still predominantly based on plain radiographs. Loucks et al. and Shuler et al. 
showed that the initial Böhler’s angle at the time of trauma still guides this treatment 
decision (4, 5).  
From the lateral radiograph two angles are used to estimate the degree of depres-
sion and displacement of the subtalar joint. Böhler’s angle is determined by drawing 
lines from the tip of the processus anterior calcanei to the most cranial point of the 
posterior facet and from the top of the tuber calcanei to the most cranial point of the 
subtalar joint. Normally, this angle is between 25° and 40° (6) (Figure 1A). Those with a 
decreased Böhler’s angle are more likely to undergo fracture reduction and internal 
fixation to restore congruity of the posterior facet (4, 7). Furthermore, the angle of 
Gissane is used. It runs along the posterior side of the processus anterior calcanei and 
the anterior side of the subtalar joint (Figure 1B). Normally, this angle is between 120° 
and 145° (8).  
 
 
Figure 1. A. Böhler’s angle, B. Angle of Gissane 
Research has shown that the standard lateral and axial views often depict the main joint 
- the posterior facet - only partially (9). In clinical practice these views can be difficult to 
assess, especially due to positioning the patient’s foot with discomfort, pain, soft tissue 
A B 
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swelling, and associated injuries. Also the expertise of the radiologic technologist also 
influences the diagnostic value of the lateral and axial radiographs. In the course of 
years several additional radiographs (according Brodèn, Isherwood, Anthonson and 
Harris Beath) were developed to fully identify the subtalar joint (2, 3). However, these 
radiographs are nowadays rarely used. If both therapeutic decisions and prognostic 
information rely on Böhler’s and Gissane angle the radiographic measurements should 
be accurate (10-13). Inaccurate measurements could lead to inadequate treatment 
decisions and consequently to suboptimal outcomes and disability. Moreover, reliable 
radiographic measurements are required to be able to adequately compare research 
results. To what extent malposition of the foot influences these quantitative radio-
graphic parameters is unknown. 
The aims of this study were to evaluate the effect of craniocaudal and posteroante-
rior angular variation in 2D, lateral radiographs on both Böhler’s and Gissane’s angle.  
METHODS 
Fifteen AnubiFiX™ embalmed, human anatomic specimens of the leg (including at least 
10 cm proximal from the knee) were used. All specimens were from persons with a 
known age of 18 years or older (mean 87 ± 9 years). Specimens were excluded if an 
osseous anomaly or deformity affecting anatomy of the hindfoot, was present. Speci-
mens with visible scarring suggesting previous injury, with visible or known previous 
fractures in the hindfoot or midfoot or with prosthetic or fixation material in situ in the 
ankle, hindfoot, or midfoot were excluded as well. Radiographs of the foot were made 
in order to exclude any osseous pathology of pre-existing disease or trauma. Age, gen-
der, side, and presence of evident pre-existent (traumatic) injuries in the foot and/or 
ankle region were noted as demographic characteristics. 
The embalming method AnubiFiX™ combines long-term high-quality embalming of 
human bodies with almost normal flexibility and plasticity. The body can be kept opera-
tional as long as conventionally embalmed human specimens (14). All measurements 
were performed at the anatomical dissection room at Erasmus MC (Department of 
Anatomy and Neurosciences). 
Lateral radiographs 
The anatomic specimens were positioned on a radiolucent table resting on the lateral 
femur condyle, the lateral malleolus, and the lateral foot edge (metatarsal-phalangeal 
fifth articulation) and with the tibiotalar joint in plantigrade position. All radiographs 
were made using a C-arm (SIEMENS Arcadis Orbic 3D®, SIEMENS, Munich, Germany, 
Manufactured November 2013, Model No. 08079233, Serial No. 7140) in order to ob-
tain radiographs. The C-arm was positioned exactly perpendicular to the axis of the 
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tibia. Radiographs were made in automatic mode using 56kV and 0.4mA as exposure 
values. A series of freehand, lateral 2D radiographs were made by an experienced radio-
logic technologist (LV). The mediolateral projection was centered on the middle of the 
calcaneus, three centimeters caudal and one centimeter posterior of the medial malleo-
lus. The true lateral radiograph or neutral position (i.e., 0° angular variation) had to 
meet the following criteria; 1) 90° dorsiflexion of the foot, 2) calcaneus depicted in its 
entirety, 3) lateral malleolus projected posteriorly of the medial malleolus, 4) an open 
projected subtalar joint, 5) no double contours in the posterior talocalcaneal facet, 6) 
base of the fifth metatarsal depicted in profile. The position of the leg and/or C-arm 
were adapted until a perfect lateral view was available. 
With this image as a starting point, angular variations with 5° intervals were made 
from + 30° to - 30° deviation in a craniocaudal and posteroanterior direction; Figure 2. 
Cranial and caudal angular variation representing respectively valgus and varus malposi-
tion of the foot. Variation in the anterior direction represents internal rotation and 
posterior stands for external rotation. Angular variations towards a posterior or cranial 
direction were given a connotation ‘+’, variations towards in the anterior and caudal 
direction were considered ‘-’.  
 
 
 
Figure 2.  
Red line: posteroanterior angular variation in radiographic projections (Anterior and posterior angular varia-
tion representing respectively internal and external rotation of the foot). 
Blue line: craniocaudal angular variation in radiographic projections (Cranial and caudal angular variation 
representing respectively valgus and varus malposition of the foot).  
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Böhler’s angle and the angle of Gissane were measured in all radiographs independently 
by two trauma surgeons, experienced in the surgical and nonoperative treatment of 
calcaneal fractures, (DDH and MHJV) with an open-source Digital Imaging and Commu-
nications in Medicine (DICOM) compliant viewer (RadiAnt DICOM Viewer 1.9.14, 
Medixant, Poznan, Poland). Angles were averaged between the observers and the angu-
lar deviation from the neutral position (0°) was calculated for each radiograph, by divid-
ing the observed measurement by the true lateral (neutral) radiograph. A negative de-
viation means a smaller observed angle pertaining to the true lateral, a positive devia-
tion is a greater observed angle. 
Analysis 
Descriptive analysis was performed for each 5° angular variation radiograph. The mean 
Böhler’s angle and angle of Gissane (as well as the calculated deviation) were deter-
mined with standard deviation (SD), since all data were normally distributed (tested 
with a Shapiro-Wilk test). Figures were composed in GraphPad Prism 5 Software Inc. 
(California, USA). 
RESULTS 
Twelve of the 15 specimens were of male origin. Eleven right feet and four left feet 
were used. In the appendix an example of some radiographs with angular variations in 
the posteroanterior and craniocaudal direction are shown (Supplemental Figure 1).  
Böhler’s angle deviated from the true lateral radiograph in both cranial and, most 
explicit, in the caudal direction (Figure 3A). At increasing angular variation in the caudal 
direction, Böhler’s angle decreased by a maximum of 4.3° at -30° deviation. From -15° 
onwards, the 95% confidence interval did not include 0°. With 95% confidence intervals 
consistently spanning 0°, indicating no significant difference. Böhler’s angle was only 
marginally affected by angular variation in the cranial direction (maximum 2.0°). 
At + 30° angular variation in the posterior direction Böhler’s angle increased from 
0.3 degrees at +10° to a maximum 5° degrees increase (Figure 3B). However, in the 
anterior direction (towards -30°), the maximum deviation was only marginal, 1.3°, and 
the 95% confidence interval consistently contained 0°.  
In the craniocaudal direction, the deviation of the angle of Gissane is most pro-
nounced in the cranial direction (towards +30°), with the mean angle decreasing to -8.8° 
at +30° angular variation (Figure 3C). The angle of Gissane was hardly affected by devia-
tion in the caudal direction (towards -30°); all 95% confidence intervals spanned 0°. 
Varying angular obliquity in the posteroanterior direction (Figure 3D) did not evi-
dently affect the angle of Gissane, with a maximum decrease in the angle of Gissane of 
3.3° in the anterior direction and 2.9° in the posterior direction. 
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Figure 3. Scatter dot plot and box-whiskers plot with mean and 95% CI depicted. Averaged radiographic pa-
rameters with angular variation in the craniocaudal direction and posteroanterior direction. A, B: Böhler’s 
angles. C, D: Angle of Gissane. 
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DISCUSSION 
Radiographic parameters (i.e., Böhler’s angle and the angle of Gissane) are of both ther-
apeutic as prognostic value in the pre- and postoperative assessment. Surgeons should 
be aware that the accuracy of radiographs, and hence radiographic measurements, can 
be influenced by multiple factors. The aim of this study was to evaluate the effect of 
craniocaudal and posteroanterior angular variations from lateral radiographs on Böh-
ler’s angle and the angle of Gissane. The data showed that Böhler’s angle most explicitly 
decreased with increasing caudal angular variations and increased with increasing pos-
terior angular variations. The angle of Gissane decreased most pronounced with in-
creasing cranial angular variation. 
To our knowledge, only one study described the influence of obliquity on accuracy 
(15). The observed Böhler’s angle reported by Gonzalez et al. (2016) deviated with a 
maximum of 7° (in the anterior direction; at 10° and 15° angular variation) of the per-
fect lateral image. This study showed similar results concerning observed Böhler’s an-
gles; Böhler’s angle deviated maximum 5° from the true lateral radiograph. Gonzalez et 
al. reported a measurement error for Böhler’s angle of 6° (15). 
Furthermore, in their study the orthopedic surgeons’ ability to accurately measure 
Böhler’s angle significantly decreased with increasing obliquity of the lateral radiograph 
(15). Both observers in this study also experienced more difficulty in finding anatomical 
landmarks, in particular for the angle of Gissane, with increasing angular variations 
(mostly from 20° deviation onwards), often due to double contours in the posterior 
talocalcaneal facet and over projection of different osseous structures (e.g., sustentacu-
lum tali). For example, visualization of the processus anterior calcanei is crucial to de-
termine Böhler’s angle, which could be difficult after increasing angular variation. 
Despite the difference in angles after angular variations, all mean Böhler’s angles 
were within Gonzalez’s measurement error of 6° (95% CI: -4° to 15°) (15). To our 
knowledge, the measurement error of the angle of Gissane has not been established in 
the literature. 
In contrast to Gonzalez et al. (15), we did not use metallic markers to mark the rele-
vant anatomical structures. We tried to mimic the normal clinical situation as much as 
possible and such markers are not used in common clinical practice.  
In daily practice at an emergency department, radiographs are produced with a con-
ventional tube with a diverging radiation beam. This differs from a three dimensional C-
arm based imaging device, as used in this study, which produces an exact parallel radia-
tion beam. Although a parallel beam produces more reliable images, it is unlikely that 
this difference influences the deviation in Böhler’s and Gissane angle with increasing 
angular obliquity from the true lateral radiograph.  
A methodological strength of the current study is the use of 15 anatomic specimen 
to rule out anatomic variation as much as possible, whereas Gonzalez et al. only used 
one anatomic specimen (15). A total of 1,680 radiographic measurements were ob-
3Radiograph obliquity 
55 
tained in all specimens by the two observers, more than double the amount of meas-
urements that Gonzalez et al. reported (15). 
CONCLUSION 
In this study, inaccurate radiographs are simulated using standardized angular variations 
up to 30° from the true lateral radiograph. Böhler’s angle decreased with increasing 
caudal, and increased with increasing posterior angular variations. The angle of Gissane 
decreased with increasing cranial angular variation. But the error due to inaccuracy in 
clinical practice does not seem to be enough to influence reliable decision making.  
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APPENDIX 
 
Supplemental Figure 1: Angular variations 
Left to right: posterior (external) +30°, +15°, 0° and anterior (internal) -15°, -30° 
Top to bottom: cranial (valgus) +30°, +15°, 0° and caudal (varus) -15°, -30° 
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ABSTRACT 
Introduction: Precise placement of sustentaculum tali screw(s) is essential for restoring 
anatomy and biomechanical stability of the calcaneus. This can be challenging due to 
the small target area and the presence of neurovascular structures on the medial side 
of the calcaneus. A Screw Targeting Clamp recently became available to facilitate sur-
geons in screw positioning. The aim of this study was to evaluate the precision of posi-
tioning of the subchondral posterior facet screw and processus anterior calcanei screw 
with or without a Screw Targeting Clamp. The secondary aim was to evaluate the added 
value of peroperative 3D imaging over 2D radiographs alone. 
Methods: Twenty Anubifix™ embalmed, skeletally mature, human anatomic lower limb 
specimens were used. A subchondral posterior facet screw and a processus anterior 
calcanei screw were placed using an extended lateral approach. A senior orthopedic 
trauma surgeon experienced in calcaneal fracture surgery and a senior resident with 
limited experience in calcaneal surgery performed screw fixation in five specimens with 
and in five specimens without the clamp. 2D lateral and axial radiographs and a 3D 
recording were obtained postoperatively. Anatomical dissection was performed post-
operatively as a diagnostic golden standard in order to obtain the factual screw posi-
tions. Blinded assessment of quality of fixation was performed by two surgeons. 
Results: In 2D, eight screws were considered malpositioned when placed with the tar-
geting device versus nine placed freehand. In 3D recordings, two additional screws were 
malpositioned in each group as compared to the golden standard. As opposed to the 
senior surgeon, the senior resident seemed to get the best results using the Screw Tar-
geting Clamp (number of malpositioned screws using freehand was eight, and using the 
targeting clamp five). In nine out of 20 specimens 3D images provided additional infor-
mation concerning target area and intra-articular placement. Based on the 3D assess-
ment, five additional screws would have required repositioning. Except for one, all 
screw positions were rated equally after dissection when compared with 3D examina-
tions. 
Conclusion: This study does not show a substantial benefit between the Screw Targeting 
Clamp and the freehand technique as well between experienced and inexperienced 
surgeons. Data suggest that the clamp might help positioning sustentaculum tali screws, 
especially for inexperienced surgeons. Perioperative 3D recordings facilitate identifica-
tion of malpositioned screws. 
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INTRODUCTION 
The results of Open Reduction and Internal Fixation (ORIF) of displaced intra-articular 
calcaneal fractures are controversial, presumably because surgery is difficult and prone 
for suboptimal positioning of screws. Nevertheless, ORIF is assumed to provide better 
long-term results than non-operative treatment (1, 2). To what extent the surgeon is 
able to restore the anatomic contour of the subtalar joint, especially of the posterior 
facet, is critical to the success of the treatment (1). The displaced posterior facet frag-
ments are reduced and fixated to the sustentaculum tali (ST). The screws in the susten-
taculum tali are meant to ensure sufficient reinforcement to support the talus.  
Furthermore they serve to apply sufficient compression of the posterior facet in or-
der to create joint congruency with absolute stability. For this fixation, a posterior facet 
(PF) screw typically is placed in the most cranial part of the posterior facet and runs 
subchondral, ideally into the medial end of the sustentaculum tali. Additionally, a pro-
cessus anterior (PA) screw can be drilled from the processus anterior calcanei into the 
sustentaculum tali. The necessity of sustentaculum tali screw fixation has recently been 
examined. Treatment of Sanders type II or III calcaneal fractures with a calcaneal locking 
plate and fixation of the sustentaculum tali resulted in high biomechanical stability (3, 
4), less postoperative pain, rapid functional recovery (5). After axial loading, the stress 
distribution on the sustentaculum tali was more dispersed and the fracture line dis-
placement was smaller with additional sustentaculum screw fixation (4).  
Because the target area in the sustentaculum tali is small, precise placement of ST 
screws can be challenging. Penetration of the subtalar joint as well as the flexor tendons 
or neurovascular bundle should be avoided. Besides the complex anatomic configura-
tion, the fixation procedure is demanding due to the limited visualization with in-
traoperative two-dimensional (2D) fluoroscopy. Therefore, malpositioned and intra-
articular screws frequently remain undiscovered during surgery, and are only recog-
nized on postoperative Computed Tomography (CT) scans (6, 7). Literature reports a 
24% rate of intra-articular screw placement on CT (6). These screws may cause severe 
subtalar joint osteoarthritis and poor clinical outcome (1). Three-dimensional (3D) imag-
ing can detect up to 30% malpositioned implants and therewith lead to repositioning 
(1). This suggests that surgical re-interventions could be avoided when using intra-
operative 3D imaging.  
A Screw Targeting Clamp (DePuy Synthes Trauma, Johnson & Johnson; Figure 1) has 
been developed in order to decrease the risk of screw malpositioning. There are no data 
yet to confirm whether this clamp facilitates screw placement and decreases the rate of 
malpositioned screws.  
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Figure 1. Sustentaculum tali Screw Targeting Clamp 
Attached to the clamp the ball-spike arm, on the right the (disconnected) Hohmann arm. 
Image from DePuy Synthes Trauma, Screw Targeting Clamp, Reference Guide. 
The aim of this study was to evaluate the precision of positioning of the subchondral 
posterior facet screw and processus anterior calcanei screw in the sustentaculum tali, 
with or without a Screw Targeting Clamp. The secondary aims were to compare the rate 
of screw malposition using both methods when used by a senior trauma surgeon versus 
a senior resident, and to evaluate the added value of peroperative 3D imaging over 2D 
radiographs alone. 
METHODS  
This radio-anatomical study used 20 (10 bilateral) Anubifix™ embalmed, human ana-
tomic specimens of the lower leg (ex-articulated in the knee). Specimens were skeletally 
mature or had a known adult age. None had a visual or known deformity, malalignment, 
or scarring of the foot or ankle region. Radiographs of the foot were made in order to 
exclude any osseous pathology of pre-existing disease or trauma. The mean age was 85 
years (SD 7), six specimens (60%) were male.  
Osteosynthesis 
The anatomic specimens were not fractured, to simulate an anatomical reduction of the 
posterior talocalcaneal facet in standard surgical treatment. In all specimens a sub-
chondral posterior facet (PF) screw and a processus anterior (PA) screw were placed 
with the intention to penetrate the medial end of the sustentaculum tali.  
One senior orthopedic trauma surgeon (MHJV) experienced in calcaneal fracture sur-
gery and a senior resident (SPK) with limited experience in calcaneal surgery performed 
osteosynthesis via an extended lateral approach without additional aids, such as fluoros-
copy. Each surgeon placed a subchondral posterior facet and a processus anterior screw 
in each of 10 (five pairs) anatomic specimens. The freehand and targeting clamp proce-
dures were performed in an alternating order for bilateral feet per specimen.  
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In both groups a non-oscillating 2.5 mm drill without fluoroscopy in a single shot at-
tempt (i.e., no repositioning) was used in order to create a drill hole. In the freehand 
group, the drill was directed while the surgeon palpated the sustentaculum tali with a 
fingertip. After positioning of a subchondral lag screw a similar procedure was performed 
for the processus anterior screw. In the Screw Targeting Clamp group, the ball-spike arm 
attached to the Screw Targeting Clamp (Figure 1) was manually applied on the medial side 
of foot at the bony prominence of the sustentaculum tali by finger palpation as well (Fig-
ure 2A). After applying the clamp to an appropriate part of the lateral calcaneal wall, a 
hole inferior to the subchondral posterior talocalcaneal facet (PTC) was drilled (Figures 2B 
and C). This way, the Screw Targeting Clamp determined the course of the subchondral 
screw towards the sustentaculum tali. This procedure was repeated for the processus 
anterior screw (Figure 2D). In all cases stainless steel, non-cannulated cortical 3.5 mm self-
tapping screws (DePuy Synthes GmbH, Oberdorf, Switzerland) were introduced until the 
screw head touched the lateral cortical wall of the calcaneus. The lengths of available 
screws varied, when the exact screw length was not available, the most appropriate 
(longer) available screw was chosen. Since none of these too long screws had potential 
clinical impact on soft tissue, all screws were rated as ‘moderate’ or ‘good’.  
 
 
Figure 2. Screw Targeting Clamp position  
A. Medial side of the foot with the ball-spike placed on the sustentaculum tali, B. After extended lateral ap-
proach, C. Before drilling for the posterior facet screw, D. Drilling for the processus anterior screw (subchon-
dral posterior facet screw already placed). 
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2D and 3D evaluation 
A C-arm based three dimensional imaging device (SIEMENS Arcadis Orbic 3D®, SIEMENS, 
Munich, Germany, Manufactured November 2013, Model No. 08079233, Serial No. 
7140) was used in order to produce radiographs and 3D reconstructions as used during 
surgery in daily clinical practice. Radiographs were made in automatic mode using 56kV 
and 0.4mA as exposure values. All measurements were performed at the anatomical 
dissection room at the Erasmus MC (Department of Anatomy and Neurosciences).  
After osteosynthesis, the definitive screw position was evaluated from 2D radio-
graphs (lateral radiograph, axial radiograph and when indicated fluoroscopy) and from a 
3D recording. For axial radiographs, the anatomic specimens were positioned on a radi-
olucent carbon table with the toes pointing upwards and the ankle in neutral position 
(foot - lower leg angle is 90°). The projections were centered 45° caudal-cranial, with 
the calcaneus as center point. For the lateral radiograph, the anatomic specimens were 
positioned, resting on the lateral femur condyle (if present), the lateral malleolus and 
the lateral foot edge (metatarsal-phalangeal fifth articulation). The lateral projection 
was centered on the middle of the calcaneus, three centimeters caudal and one centi-
meter posterior of the medial malleolus. The radiograph that showed the calcaneus in 
its entirety with an open projected subtalar joint was considered a true lateral projec-
tion.  
Evaluation of screw positioning 
Screw positioning was assessed first on 2D radiographs followed by the 3D recordings 
by a consultant surgeon (MHJV) and a senior resident (SPK). Postoperatively, all calcanei 
were dissected and the factual screw positions were obtained. Correct placement of 
screws depends mainly on three factors, 1) entry point; the position at which a screw is 
introduced on the lateral wall, 2) trajectory; the course of the screw between the entry 
point and the target area, and 3) target area; the area around the sustentaculum tali in 
which the screw ideally ends. In this study the entry point and target area were rated. 
The screw positioning was assessed following predefined quality criteria as shown in 
Table 1. A screw was considered malpositioned if ‘Good’ or ‘Moderate’ quality criteria 
(entry point or target area) were not met, and thus replacement of these ‘Poor’ screws 
would be necessary. Entry point and target area criteria are shown in Figures 3, 4, and 
5. Discrepancies were resolved by consensus. 
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Table 1: Quality criteria for subchondral posterior facet (PF) and processus anterior (PA) screw positioning 
 Entry-point Target area 
Good 
(green) 
PF: Subchondral, cranial part 
PA: Inferior half of calcaneus height 
In the center of sustentaculum tali (ST) 
Moderate 
(orange) 
PF: Superior middle part 
PA: Inferior half of cranial part / just dorsal 
of lowest point PTC 
At the dorsal border of sustentaculum tali 
Poor 
(red) 
PF: Inferior middle and caudal part  
PA: Superior half of cranial part 
Anterior outside ST, fully intra-articular (penetrating 
osseous structure other than the calcaneus) 
 PF: Too close or within PTC 
PA: - 
Borderline anterior of ST, partially intra-articular 
(not penetrating other osseous structures)  
 PF: Too dorsal 
PA: Too dorsal 
Dorsal outside sustentaculum tali  
(potential neurovascular and tendon damage) 
 PF: Too anterior 
PA: Too anterior, intra-articular 
Too short (not sufficiently supporting the ST) 
  Extra-osseous (more than 2 mm too long and with 
potential clinical impact on soft tissue)  
 
Screw placement was rated as good (correct), moderate (correct), or poor (malposi-
tioned). Poorly rated screws can be defined as a not acceptable position and/or reposi-
tion would be required. Moderate rated screws are screws that are not placed perfect 
but acceptable, reposition is not required. Quality criteria for entry-point differ between 
the subchondral posterior facet (PF) screw and processus anterior (PA) screw. Target 
area criteria are similar for both screws. 
The colors described match with the colors depicted in Figure 3 to 5. The height of 
the calcaneus (measured from the most inferior to the most superior point of the calca-
neus) is divided in three parts: the cranial, middle, and caudal 1/3rd part.  
 
  
Figure 3. Entry-point quality area’s for all subchondral 
posterior facet screw positions. 
A white dot represents an entry-point of one screw. 
Area’s in colors are related to the criteria in Table 1. 
Green = Good; Orange = Moderate, Red = Poor. 
Figure 4. Entry-point quality area’s for all processus 
anterior screw positions. 
A white dot represents an entry-point of one screw. 
Area’s in colors are related to the criteria in Table 1. 
Green = Good; Orange = Moderate, Red = Poor. 
Chapter 4 
66 
 
Figure 5. Sustentaculum tali quality area’s (target area) in colors for all screw positions. 
Schematic axial view of the calcaneus. Areas are related to the criteria in Table 1. 
Green = Good; Orange = Moderate, Red = Poor.  
Analysis 
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 
21.0 (SPSS, Chicago, Ill., USA). The crude number of malpositioned screws in both 
groups (freehand and using a Screw Targeting Clamp) were reported and compared 
using a Chi-squared analysis or Fisher’s Exact test, as applicable. Concerning the diag-
nostic accuracy of 2D and 3D images, 2x2 tables were made for correct versus malposi-
tioned screws as judged on 2D versus 3D imaging. Data were compared using a 
McNemar test. 
RESULTS 
Crude data per specimen are shown in Supplemental Table 1. Table 2 provides a sum-
mary of the screw positioning of the freehand method versus the Screw Targeting 
Clamp method. With the freehand method, positioning of four PF screws and five PA 
screws was considered malpositioned when judged on 2D. In two PF screws the target 
area was incorrect and in two PF screws both the entry-point as the target area were 
incorrect. In 3D, one additional PF (No. 3, target area) and one additional PA screw (No. 
9, target area) were considered malpositioned. Although not statistically different from 
freehand, in the Screw Targeting Clamp group more PF screws (N=6 on 2D and N=7 on 
3D) but fewer PA screws (N=2 on 2D and N=3 on 3D) were judged as malpositioned. See 
Table 2 and Supplemental Table 1 for more detailed information on which of the quality 
criteria were not met. 
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Table 2: Screw positioning, when placed freehand or with a Screw Targeting Clamp  
 Freehand 
(N=20) 
Screw Targeting Clamp 
(N=20) 
p-value 
2D    
PF malpositioned 4 6 0.656 
PA malpositioned 5 2 0.350 
3D    
PF malpositioned 5 7 0.650 
PA malpositioned 6 3 0.370 
Data are shown as number of screws. Fisher’s Exact test was used for statistical testing. 
PF, subchondral posterior facet screw; PA, processus anterior screw. Data are shown as number of screws.  
The screw positioning, depending on the level of experience of the physician, is shown 
in Table 3. Overall, the surgeon malpositioned seven (judged on 2D) and eight (judged 
on 3D) out of twenty screws. The resident seemed to perform worse; he malpositioned 
ten (2D) and thirteen (3D) out of twenty screws.  
The senior surgeon malpositioned more PF screws with the targeting clamp (N=3 in 
both 2D and 3D) than with the freehand method (N=1 in both 2D and 3D; p > 0.05). 
Also, the total number of malpositioned screws was higher when the senior surgeon 
used the targeting clamp, than freehanded. 
The resident, on the other hand, seemed to benefit from the targeting clamp; he 
malpositioned fewer PA screws with the targeting clamp (N=1 in both 2D and 3D) than 
with the freehand method (N=3 in 2D and N=4 in 3D; p > 0.05). There was an overall 
improvement, most pronounced for the PA screws. 
Results for the secondary aim, the added value of 3D over 2D, is shown in Table 4. In 
four out of twenty specimens, 3D provided additional information. In two specimens, 
malpositioning (inadequate target area) of a PF screw was missed in the 2D evaluation 
(No 3 and 13; See Supplemental Table 1), in the other two specimens, the PA screw 
malpositioning (inadequate target area) was missed (No. 9 and 12). 
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Table 3: Screw positioning, depending on the level of experience of the physician 
 Senior surgeon Senior resident p-value 
2D (N=20) (N=20)  
 PF malpositioned 4 6 0.656 
 PA malpositioned 3 4 1.000 
3D    
 PF malpositioned 4 8 0.170 
 PA malpositioned 4 5 1.000 
2D - freehand (N=10) (N=10)  
 PF malpositioned 1 3 0.524 
 PA malpositioned 2 3 1.000 
3D - freehand    
 PF malpositioned 1 4 0.206 
 PA malpositioned 2 4 0.524 
2D – Screw Targeting Clamp (N=10) (N=10)  
 PF malpositioned 3 3 1.000 
 PA malpositioned 1 1 1.000 
3D – Screw Targeting Clamp    
 PF malpositioned 3 4 1.000 
 PA malpositioned 2 1 1.000 
Data are shown as number of screws. Fisher’s Exact test was used for statistical testing. 
PF, subchondral posterior facet screw; PA, processus anterior screw. Data are shown as number of screws.  
Table 4: 2D versus 3D malpositioning of the subchondral posterior facet (PF) and processus anterior (PA) 
screw 
PF malpositioned 3D p-value  PA malpositioned 3D p-value 
   Yes No     Yes No  
2D
 Yes 10 0 0.500  
2D
 Yes 7 0 0.500 
No 2 8   No 2 11  
Data are shown as number of screws. McNemar test was used for statistical testing. 
PF, subchondral posterior facet screw; PA, processus anterior screw. 
Identical 2D and 3D ratings are shaded in grey, discrepancies are outlined in black. 
In nine out of twenty specimens, 3D recording provided new information and caused a 
different rating concerning the target area, but no new information on the entry point 
(Supplemental Table 1 and Table 5). 3D recordings provided new information on PF 
screw positioning concerning target area in four specimens. Out of five PF screw target 
areas that were rated ‘moderate’ in 2D, one was rated ‘poor’ in 3D (No. 5). Out of eight 
PF screw target areas that were judged ‘good’ in 2D, one was judged ‘moderate’ in 3D 
(specimen No. 17), and two other even as ‘poor’. Partial intra-articular placement was 
diagnosed in 3D but not (specimens No. 3; Figure 6) or uncertain (No. 13) in 2D.  
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Table 5: 2D versus 3D evaluation of the entry point and target area of the subchondral posterior facet (PF) and 
processus anterior (PA) screw  
Entry Point 3D  Entry Point 3D 
PF  Poor Moderate Good  PA  Poor Moderate Good 
2D
 Poor 6 0 0  
2D
 Poor 0 0 0 Moderate 0 3 0  Moderate 0 6 0 
Good 0 0 11  Good 0 0 14 
 
Target Area 3D  Entry Point 3D 
PF  Poor Moderate Good  PA  Poor Moderate Good 
2D
 Poor 7 0 0  
2D
 Poor 7 0 0 Moderate 1 4 0  Moderate 0 2 1 
Good 2 1 5  Good 2 0 8 
Data are shown as number of screws. 
PF, subchondral posterior facet screw; PA, processus anterior screw. 
Identical 2D and 3D ratings are shaded in grey, discrepancies are outlined in black. 
 
Figure 6. Missed partial intra-articular screw with 2D evaluation 
Specimen No. 3. A. The subchondral posterior facet (PF) screw was rated as ‘correct’ on the 2D lateral radio-
graph, B. The PF screw (white arrow) was rated as ‘partial intra-articular’ with 3D evaluation, and thus malpo-
sitioned. The other white dot is the processus anterior (PA) screw, C. After dissection the ST screw is con-
firmed to be placed partial intra-articular. 
Out of ten PA screw target areas that were judged ‘good’ in 2D, two were judged ‘poor’ 
in 3D due to full intra-articular placement (specimens No. 9 and 12). Out of three PA 
screw target areas that were rated ‘moderate’ in 2D, one was rated ‘good’ in 3D (No. 7). 
In addition, two PA screws with a target area rated as ‘poor’, intra-articular place-
ment was scored ‘partial’ in 2D but ‘full’ in 3D (specimens No. 6 and 11, Supplemental 
Table 1). A final specimen where 3D imaging provided new information is No. 5; the 
doubtful intra-articular placement seen in 2D was proven otherwise in 3D.  
Dissection of the calcanei confirmed the 3D ratings of screw positions. Only in one 
specimen (No. 8) the PF screw was judged as ‘moderate’ after dissection instead of 
‘good’ with 2D and 3D assessment (Supplemental Table 1). 
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DISCUSSION 
This study aimed to determine the screw malpositioning using a freehand method ver-
sus a Screw Targeting Clamp, placed by both a senior trauma surgeon and a senior resi-
dent without additional aids, such as fluoroscopy. The senior resident, inexperienced 
concerning calcaneal surgery seemed to benefit of the Screw Targeting Clamp. With the 
use of the targeting device similar results between both physicians were found, this in 
contrast with the freehand method where the senior surgeon performed better. 
Secondly, the sensitivity of diagnosing screw malposition using conventional 2D ra-
diographs and 3D recordings was determined. For this part a C-arm based (3D) imaging 
device was used as in clinical perioperative practice. Entry point ratings on 2D and 3D 
images were similar. However, when more detail was required to rate target area screw 
positioning, 3D recordings helped modify ratings for seven out of twenty screws. For 
daily clinical practice it is important to know whether 3D recordings would lead to a 
policy change, i.e. on 2D ‘correctly’ assessed screws that were diagnosed as ‘malposi-
tioned’ with 3D evaluation. Yet two additional malpositioned PA screws and three PF 
screws were identified with 3D imaging. Thus, in five of the twenty specimens (25%) at 
least one of the screws required repositioning. This is in line with the 30% implant repo-
sitioning described by Geerling et al. (1). They concluded that intra-operative 3D visuali-
zation provides important information in the operative treatment of calcaneal fractures 
which cannot always be obtained from plain radiographs or standard fluoroscopy alone 
(1). More recent studies have shown that 3D evaluation is useful and identifies intra-
articular incongruence and screw misplacement that are not detected by fluoroscopy in 
20% of the cases (8-10). Due to the options for better joint surface reconstruction, clini-
cal outcomes may be improved.  
The current data suggests that if a screw is assessed as malpositioned with 2D eval-
uation, no further 3D radiological examinations are required. 3D would only confirm the 
malposition and reposition would be needed anyway. The opposite (screws that are 
placed correctly in 2D) is not the case. Also when there is doubt about screw positioning 
with 2D evaluation, an additional 3D recording is advisable for determining the screw 
positioning.  
In this study stainless steel screws were used in order to investigate a worst case 
scenario. They produce more scattering in 3D imaging than titanium or vanadium alloys. 
Whereas these alloys were very popular, at least in Europe, their use is decreasing. 
Since these alloys are more expensive than stainless steel and similar infection rates 
have been described recently, more physicians started to use stainless steel screws 
again (11). However, it remains evident that stainless steel produces more scattering on 
3D imaging, which is especially problematic for screws near the subchondral surfaces 
(12). This means that reliability of 3D evaluation would benefit from the use of titanium 
or vanadium alloys.  
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The Screw Targeting Clamp has been designed to improve screw positioning. How-
ever, neither the experienced nor the inexperienced surgeon performed flawless with 
the clamp. Two issues were encountered with the current device. In one specimen 
(specimen No. 7), the drill hole for the PA screw missed the ball-spike which was placed 
on the sustentaculum tali because of a minimal mobility between carriage and rail of 
the Screw Targeting Clamp (Figure 7). This problem can be prevented by making a min-
imal incision on the medial side of foot, at the point where the sustentaculum tali can 
be palpated. Subsequently, a Kirschner-wire has to be drilled superficially in the top of 
the sustentaculum tali. The Screw Targeting Clamp with a Hohmann arm (Figure 1) 
attached to the clamp can be manually applied over this Kirschner-wire, in this manner 
the Hohmann arm will not dislocate during the procedure.  
 
 
Figure 7. The drill hole for the processus anterior screw missed the ball-spike 
It is currently not possible to measure the depth of the drill hole while using the Screw 
Targeting Clamp. Hereby, one has to remove the targeting device to measure the de-
sired screw length. The above mentioned modifications would improve the use of the 
targeting clamp and potentially result in better restoration and functional recovery of 
patients.  
The authors acknowledge limitations of this study. Since the study sample was very 
small, no definite conclusion can be made. Partly because of the low number of speci-
mens used, no statistically significant differences could be found between physicians, 
method of screw placement, and examination of 2D and 3D images. A power analysis a 
priori was not possible. Therefore, a post hoc analysis was performed. A much larger 
number of anatomic specimens should be required to prove a statistical significant 
difference. For medical ethical reasons we used a limited number of 20 specimens. 
Findings of this study should be interpreted with care, but they at least provide infor-
mation for future developments. 
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CONCLUSION 
The results of this study do not show a substantial benefit between the Screw Targeting 
Clamp and the freehand technique as well between experienced and inexperienced 
surgeons. Data suggest that the Screw Targeting Clamp might be of additional value to 
place subchondral posterior facet and processus anterior screws, in particular for sur-
geons with limited experience in calcaneal surgery. Furthermore, 3D evaluation of 
screw positioning provides extra information when uncertainty exists about positioning 
of the screws with 2D evaluation. In particular to determine screw positioning in the 
target area, 3D imaging is of additional value. Larger clinical studies are needed to 
demonstrate the exact value of the Screw Targeting Clamp and the added value of a C-
arm based 3D imaging device to judge screw positioning during surgery.   
4+ = Good; +/- = Moderate; - = Poor, PF = subchondral posterior facet screw; PA = processus anterior screw;
full = fully intra-articular; part = partially intra-articular; doubt = doubtful if intra-articular or not, 2D = Two
dimensional, 3D = Three dimensional, Vue = After dissection. Data for screws that are rated as malpositioned
(i.e., entry point or target area with poor position) are shown in parenthesis. Screws for which data are not in
parenthesis were rated as correctly positioned. The numbers are a summary of correct and malpostioned
rated screws. Grey shading indicates that 3D evaluation provided extra information relative to 2D ratings. In
specimen No. 8 (black borders) new information was found after the dissection, ‘a vue’ the ST screw was
assessed as ‘moderate’ instead of ‘good’ with 2D and 3D evaluation. 
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ABSTRACT 
Introduction: The aim of the present study was to compare the outcomes of patients 
with a displaced calcaneal fracture treated by open reduction and internal fixation (OR-
IF), percutaneous treatment, or nonoperative methods.  
Methods: A retrospective cohort study was conducted at a level I trauma center of pa-
tients with a displaced intra-articular calcaneal fracture treated from January 1, 2002 to 
December 31, 2011. The patient-reported outcome measures included the Foot Func-
tion Index, American Orthopaedic Foot and Ankle Society hindfoot scale, Short Form-36, 
the EQ-5D from the EuroQol Group, and a 10-point visual analog scale. 
Results: Clinical data were collected from 169 patients, and questionnaires were ob-
tained from 78 patients (18 nonoperatively, 27 ORIF, and 33 percutaneously). The late 
intervention rate was significantly greater in the percutaneous group (N=18; 30%) than 
in the ORIF group (N=6; 12%) or the nonoperative group (N=8; 13%; p=0.030). Signifi-
cantly more disability was reported in the nonoperative group (median Foot Function 
Index score, 40 points) than in the ORIF group (median, 16 points; p=0.010) or in the 
percutaneous group (median, 21 points; p=0.034).  
Conclusion: The operatively treated patients (ORIF and percutaneous treatment) re-
ported better functional outcome scores (Foot Function Index and American Orthopae-
dic Foot and Ankle Society hindfoot scale) than did the nonoperatively treated patients. 
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INTRODUCTION 
Displaced intra-articular calcaneal fractures will occur mainly (60%) in patients who are 
still in their wage-earning period (i.e., 30 to 50 years old). The interval to work resump-
tion has often been 5 to 10 months (1). A considerable number of patients will not be 
able to resume work within 1 year (2,3). These fractures can remain symptomatic for 1 
to 2 years and can lead to the need for secondary arthrodesis in up to 16% of the non-
operatively treated patients (1,4).  
In the Netherlands, the most frequently applied treatment modalities have been 
open reduction and internal fixation (ORIF; 46%), nonoperative treatment (39%), and 
percutaneous treatment (10%) (5).  
Six meta-analyses of 4 randomized controlled trials, 1 prospective cohort study, and 
3 retrospective studies have indicated a trend toward an overall improved outcome 
(e.g., work resumption, prevalence of complications, functional outcome, and shoe 
adjustments) in patients treated with ORIF (6–11). However, because most studies were 
powered for specific outcomes and used different outcome scores, no definitive answer 
to the best treatment can be given. To minimize surgical complications such as infection 
or nerve damage after calcaneal fracture repair, different minimally invasive, percuta-
neous techniques have been introduced (12,13). The percutaneous techniques have not 
been investigated as extensively as ORIF.  
The primary aim of the present study was to examine the effect of ORIF, percutane-
ous, and nonoperative treatment using the Foot Function Index in adult patients who 
had sustained a displaced intra-articular calcaneal fracture. In addition, the effect of 
treatment on health-related quality of life, overall patient satisfaction, interval to work 
resumption, and the prevalence of complications and late interventions was examined. 
PATIENTS AND METHODS 
All consecutive patients with a displaced intra-articular calcaneal fracture (“Internation-
al Classification of Diseases, 10th revision” code S92.06) (14) treated at a level I trauma 
center from January 1, 2002 to December 31, 2011 were considered eligible for the 
present retrospective case series. The patients were identified from patient registries 
using the Diagnosis Related Group for both diagnosis (code 236; calcaneal fracture) and 
surgery (code 339732; operative treatment calcaneal fracture). Fracture management 
consisted of ORIF, percutaneous treatment, or nonoperative treatment. 
The patients were treated by a general orthopedic surgeon (Monday and Thursday) 
or an orthopedic trauma surgeon (the rest of the week). Both had different local prefer-
ences. Because of the retrospective nature of our study, the treatment choice could not 
be determined on a case basis. A general orthopedic surgeon (B.W.) primarily conduct-
ed the nonoperative management (19 of 24 patients, 79%), and the orthopedic trauma 
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surgeons (D.D.H., T.S.) preferred operative management (105 of 145 patients, 72%). 
Until June 1, 2005, the primary operative management in this group was percutaneous 
treatment (33 of 33 patients, 100%). After June 1, 2005, the policy was changed to ORIF 
(48 of 72 patients, 67%), based on the available evidence. Surgeon experience with a 
certain technique and preference was the decisive factor between the choice of ORIF 
and percutaneous treatment. The other reasons for surgery included open or fracture 
dislocation. 
The inclusion criteria for patient selection were an intra-articular calcaneal fracture 
with more than 2 mm of displacement (i.e., Sanders type II to IV) and age 16 to 70 
years. The exclusion criteria were primary arthrodesis or amputation, a Gustilo grade III 
open fracture, known alcohol or drug abuse, and wheelchair-bound patients with a 
neurologic disability before, or caused by, the injury. Secondary arthrodesis was consid-
ered a complication of primary treatment and was included in the analysis. Functional 
outcome was determined after the patients had provided written informed consent. 
Patients with American Society of Anesthesiologists class IV, those who had died, those 
with an unknown address or who had moved abroad, patients without trauma radio-
graphs, and patients with an ongoing psychiatric illness or insufficient comprehension of 
the Dutch or English language to understand the study documents were also excluded. 
The local medical research ethics committee approved the study.  
The patients received 1 of 3 different treatment modalities. Nonoperative manage-
ment consisted of early non-weightbearing movement exercises or a plaster-of-Paris 
cast. In this cohort, closed reduction by external compression (molding) was not per-
formed. The current reference standard for the treatment of displaced intra-articular 
calcaneal fractures is ORIF using an extended lateral approach. In most cases, a sharp 
100° to 110° angled incision was used, with the vertical limb situated almost over the 
lateral edge of the Achilles tendon. The fracture was fixed using a titanium nonlocking 
calcaneal plate (Synthes Bettlach GmbH, Bettlach, Switzerland), using titanium 3.5-mm 
screws (15). 
Percutaneous treatment, as described by Forgon and Zadravecz (16) and Zadravecz 
and Szekeres (17) was performed using three 3.0-mm Kirschner wires inserted through 
the tuberosity of the calcanei, talar neck, and cuboid. A distracting force was applied 
with an external fixator between the talus and calcaneus and between the talus and 
cuboid. Additional Kirschner wires were used as “joysticks” to reduce the posterior 
facet. Osteosynthesis was performed under fluoroscopic control with 6.5-mm cannulat-
ed Biomet (Biomet NL, Dordrecht, The Netherlands) or 7.3-mm Synthes (Synthes 
Bettlach GmbH) screws (18). 
The patient characteristics (i.e., gender, age at trauma, and comorbidities), fracture 
characteristics (i.e., affected side, trauma mechanism, and injury classification), treat-
ment characteristics (i.e., treatment type, open or closed approach, and duration of 
plaster immobilization and non-weightbearing), complications, and late interventions 
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were obtained from the electronic patient files. Data were collected by 5 of us (A.S.D.B., 
B.W., D.D.H., E.M.M.V.L., and T.S.). 
Infectious complications were divided into superficial (i.e., minor) and deep (i.e., ma-
jor) using the criteria from the Centers for Disease Control and Prevention to define a 
surgical site infection (19). Superficial infections could be treated nonoperatively (e.g., 
using oral antibiotics). Infections that required surgical intervention, readmission, or 
intravenous antibiotics were classified as deep infections (15).  
The fractures were classified according to Essex-Lopresti (20) and Sanders et al (21). 
Böhler’s angle was measured from the trauma and follow-up radiographs. The patients 
were queried regarding their dominant side, smoking habits, and work and sports activi-
ties at the age of trauma and at follow-up. Furthermore, the cosmetic result observed 
by the patients and any shoe adjustments were queried.  
Patient-reported functional outcome was measured using validated questionnaires, 
which were sent by mail in September 2012. The Foot Function Index (primary outcome 
measure) was developed to measure the effect of the foot pathologic features on func-
tion in terms of pain, disability, and activity restriction (22). Twenty-three questions 
were scored from 1 (no pain, no difficulty, none of the time) to 10 (worst pain imagina-
ble, so difficult or unable, all the time). The final maximum score could reach 100 
points, with a higher score indicating more disability. 
The American Orthopaedic Foot and Ankle Society hindfoot scale includes 9 ques-
tions related to the subdomains of pain (1 question; 40 points), function (7 questions; 
50 points), and alignment (1 question; 10 points) (23,24). The maximum score is 100. 
The Short Form-36 (SF-36) questionnaire is a validated multipurpose health survey 
with 36 questions, representing 8 health domains that are combined into physical (PCS) 
and mental component summaries (25,26). Scores from 0 to 100 points are derived for 
each domain, with lower scores indicating poorer function. The 1998 U.S. population 
was used as the reference because weighing factors for the PCS and mental component 
summary for the Dutch population are not available. 
The EQ-5D is a validated questionnaire for health-related quality of life (27,28). The 
EQ-VAS is a standard vertical 20-cm visual analog scale for recording an individual’s 
rating of their current health-related quality of life. 
A 10-point visual analog scale, with 0 implying maximum dissatisfaction and 10, full 
satisfaction, was used to measure patient satisfaction with the overall outcome (18). 
 
The assessors of outcome (A.S.D.B., E.M.M.V.L.) were not involved in patient treatment. 
The data were analyzed by E.M.M.V.L. and T.S. using the Statistical Package for the 
Social Sciences, version 20 (SPSS, Chicago, IL). Continuous data were found to deviate 
from a standard normal distribution (determined by inspecting frequency histograms 
and Q–Q plots) and are expressed as the median and first to third quartile (P25-P75). 
Kruskal-Wallis analysis of variance with post hoc pairwise comparison using a Mann-
Whitney U test was performed to assess the statistical significance of the continuous 
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data among the treatment groups. Categorical data are presented as numbers and 
percentages and were analyzed using chi-square tests. A p value of < .05 was taken as 
the threshold of statistical significance. 
RESULTS 
Demographic data 
During the 10-year study period, 178 patients were treated for a displaced intra-
articular calcaneal fracture. Nine patients were excluded from the present study be-
cause the Sanders classification could not be determined owing to missing radiologic 
images or insufficient image quality. Clinical data were collected for the remaining 169 
patients. Of the 169 patients, 59 had been treated nonoperatively, 49 with ORIF, and 61 
percutaneously (Table 1). The median age at trauma was 41 years (P25-P75 33 to 50), and 
130 patients (77%) were male. The right calcaneus was fractured in 77 patients (46%), 
and 23 patients (14%) had a bilateral calcaneal fracture. The fractures had mainly re-
sulted from a fall from a height (n = 104; 62%) or low energy trauma (n = 38; 22%). Of 
the 169 patients, 45 (27%) had additional injuries. These baseline characteristics were 
not significantly different statistically among the 3 treatment groups.  
When classified according to Essex-Lopresti (20), most of the fractures were of a 
joint depression type (n = 97; 57%) or a tongue type (n = 58; 34%). Comminuted frac-
tures (not classifiable as joint depression or tongue type) were found in only 8 patients, 
7 of which were treated with ORIF (p = 0.007). In each of the 3 groups, approximately 
80% of fractures were Sanders type II.  
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Table 1: Characteristics and outcome for entire study population (N=169) 
 Overall (N=169) 
Non-operative 
(N=59) 
ORIF 
(N=49) 
Percutaneous 
(N=61) P-value* 
Age at trauma† (years) 41 (33-50) 40 (32-50) 41 (33-50) 44 (34-51) 0.573 / 0.542 
Male gender‡ 130 (77%) 46 (78%) 38 (78%) 46 (75%) 0.939 / 0.825 
Affected side‡      
Right side 77 (46%) 27 (46%) 24 (49%) 26 (43%) 0.551 / 0.649 
Left side 69 (41%) 21 (36%) 21 (43%) 27 (44%)  
Bilateral 23 (14%) 11 (19%) 4 (8%) 8 (13%)  
Trauma mechanism‡      
LET 38 (22%) 13 (22%) 13 (27%) 12 (20%) 0.130 / 0.453 
HET fall from height 104 (62%) 32 (54%) 32 (65%) 40 (66%)  
HET other 5 (3%) 1 (2%) 1 (2%) 3 (5%)  
Other 1 (1%) 0 (0%) 1 (2%) 0 (0%)  
Unknown 21 (12%) 13 (22%) 2 (4%) 6 (10%)  
Concomitant injuries‡ 45 (27%) 17 (29%) 12 (24%) 16 (26%) 0.238 / 0.528 
Essex-Lopresti classification‡      
Tongue Type 58 (34%) 18 (31%) 17 (35%) 23 (38%) 0.007§/ 0.011§ 
Joint depression 97 (57%) 36 (61%) 25 (51%) 36 (59%)  
Comminuted 8 (5%) 1 (2%) 7 (14%) 0 (0%)  
Sanders classification‡      
Sanders II 132 (78%) 48 (81%) 38 (78%) 46 (75%) 0.291 / 0.919 
Sanders III 27 (16%) 5 (8%) 10 (20%) 12 (20%)  
Sanders IV 7 (4%) 4 (7%) 1 (2%) 2 (3%)  
Surgical delay† (days) 5 (2-7) N.A. 6 (3-11) 2 (1-6) N.A./ <0.001§ 
Clinical follow-up† (months) 12 (5-19) 9 (1-16) 13 (9-19) 13 (6-25) 0.001§‖/ 0.907 
Follow-up > 30 d‡ 149 (88%) 44 (75%) 47 (96%) 58 (95%) <0.001§/ 1.000
Adverse event (incl. infection) ‡ 56 (33%) 14 (24%) 14 (29%) 28 (46%) 0.026§/ 0.077 
Infection2 16 (9%) N.A. 8 (16%) 8 (13%) N.A./ 0.787 
Surgical site infection 7 (44%) N.A. 5 (63%) 2 (25%) N.A./ 0.315 
Deep infection 9 (56%) N.A. 3 (38%) 6 (75%)  
Late intervention (excl. implant removal) ‡ 32 (19%) 8 (14%) 6 (12%) 18 (30%) 0.030§/0.037§ 
Subtalar arthrodesis 19 (59%) 7 (88%) 0 (0%) 12 (67%) 0.002§/0.004§ 
Exostosis resection 5 (16%) 1 (13%) 1 (17%) 3 (17%)  
Wound debridement 5 (16%) 0 (0%) 2 (33.3) 3 (17%)  
Revision surgery 3 (9%) 0 (0%) 3 (50.0) 0 (0%)  
Implant removal‡ 59 (35%) N.A. 19 (39%) 40 (66%) N.A./ 0.007§ 
Time until implant removal† (weeks)1 28 (17-52) N.A. 55 (36-69) 22 (16-30) N.A./ <0.001§ 
Abbreviations: HET, high energy trauma; LET, low energy trauma; NA, not applicable; ORIF, open reduction 
and internal fixation. 
Data presented as median (25th percentile to 75th percentile) or n (%). 
* First P-value from comparison of the 3 treatment groups; second p value for comparison of 2 surgical  
   groups. 
† Kruskal-Wallis analysis of variance. 
‡ Chi-square analysis. 
§ Difference found between nonoperative group and ORIF and percutaneous groups (both p = .001). 
‖ Statistically significant. 
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Figure 1 Study flowchart. ORIF, open reduction and internal fixation. 
Of the 169 patients, 108 were invited to complete the questionnaires because 61 had 
met an exclusion criterion (Fig. 1). Of the 108 patients, 78 returned the questionnaire 
(response rate 72%). Of the 78 respondents, 18 (23.1%) had been treated nonoperative-
ly, 27 (34.6%) with ORIF, and 33 (42.3%) percutaneously (Table 2). The respondents had 
patient and fracture characteristics similar to those for the total study population of 169 
patients. The median body mass index was 25 kg/m2, 10 patients reported cardiovascular 
disease or diabetes, and 42% smoked at the time they had sustained the trauma. The 
patients’ preferred (dominant) side was affected in 60% of the patients (Table 2). These 
characteristics were not significantly related to the treatment received. The same was 
true for the duration of plaster immobilization and non-weightbearing (Table 2).  
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Table 2: Characteristics of patients who returned the questionnaire (N=78) 
 Overall 
(N=78) 
Non-operative 
(N=18) 
ORIF 
(N=27) 
Percutaneous 
(N=33) 
P-value* 
Age at trauma (years) † 46 (36-55) 44 (34-59) 45 (34-56) 47 (40-54) 0.697 / 0.435 
Male gender‡ 59 (76%) 14 (78%) 20 (74%) 25 (76%) 0.960 / 1.000 
BMI (kg/m2) † 25 (22-27) 24 (22-27) 23 (22-27) 26 (23-28) 0.174 / 0.070 
Affected side2:      
Right side 33 (42%) 6 (33%) 15 (52%) 13 (39%) 0.511 / 0.292 
Left side 36 (46%) 9 (50%) 12 (44%) 15 (45%)  
Bilateral 9 (12%) 3 (17%) 1 (4%) 5 (15%)  
Dominant side affected‡ 47 (60%) 13 (72%) 15 (56%) 19 (58%) 0.491 / 1.000 
Trauma mechanism‡      
LET 20 (26%) 3 (17%) 10 (37%) 7 (21%) 0.479 / 0.311 
HET fall from height 47 (60%) 11 (61%) 15 (56%) 21 (64%)  
HET other 2 (3%) 1 (6%) 0 (0%) 1 (3%)  
Other 1 (1%) 0 (0%) 1 (4%) 0 (0%)  
Unknown 8 (10%) 3 (17%) 1 (4%) 4 (12%)  
Concomitant injury‡ 18 (23%) 7 (39%) 4 (15%) 7 (21%) 0.253 / 0.457 
Co-morbidity‡ 10 (13%) 4 (22%) 0 (0%) 6 (18%) 0.044§ / 0.028§ 
Cardiovascular disease 6 (8%) 3 (17%) 0 (0%) 3 (9%) 0.112 / 0.245 
Diabetes mellitus 4 (5%) 1 (6%) 0 (0%) 3 (9%) 0.282 / 0.245 
Smoking at age of trauma‡ 33 (42%) 9 (50%) 9 (33%) 15 (45%) 0.482 / 0.430 
Essex-lopresti classification‡      
Tongue Type 35 (45%) 8 (44%) 13 (48%) 14 (42%) 0.060 / 0.053 
Joint depression 39 (50%) 10 (56%) 10 (37%) 19 (58%)  
Comminuted 4 (5%) 0 (0%) 4 (15%) 0 (0%)  
Sanders classification‡      
Sanders II 63 (81%) 16 (89%) 21 (78%) 26 (79%) 0.236 / 1.000 
Sanders III 14 (18%) 1 (6%) 6 (22%) 7 (21%)  
Sanders IV 1 (1%) 1 (6%) 0 (0%) 0 (0%)  
Surgical delay (days) † 5 (2-7) N.A. 6 (3-8) 3 (1-7) N.A. / 0.011§ 
Clinical follow-up (months) † 14 (9-24) 13 (6-24) 16 (12-21) 14 (8-30) 0.406 / 0.899 
Follow-up >30 days‡ 77 (99%) 17 (94%) 27 (100%) 33 (100%) 0.185 / 1.000 
Plaster immobilization‡ 33 (42%) 10 (56%) 10 (37%) 13 (39%) 0.230 / 1.000 
Plaster immobilization (weeks) ‡ 6 (3-10) 9 (4-13) 4 (1-8) 6 (6-9) 0.184 / 0.117 
Non-weight bearing (weeks) † 12 (8-13) 12 (8-14) 12 (12-13) 12 (7-13) 0.534 / 0.278 
Abbreviations: HET, high energy trauma; LET, low energy trauma; NA, not applicable; ORIF, open reduction 
and internal fixation. 
Data presented as median (25th percentile to 75th percentile) or n (%). 
* First P-value from comparison of the 3 treatment groups; second p value for comparison of 2 surgical  
   groups. 
† Kruskal-Wallis analysis of variance. 
‡ Chi-square analysis. 
§ Statistically significant. 
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The period of clinical follow-up differed significantly among the 3 treatment groups for 
the overall population of 169 patients (Kruskal-Wallis p = 0.001; Table 1). The median 
clinical follow-up at the outpatient department was shorter in the nonoperative group 
(median 9 months, P25-P75 1 to 16) than in the ORIF group (median 13 months, P25-P75 10 
to 19; p = 0.001) or the percutaneous group (13 months, P25-P75 6 to 25; p = 0.001). In 
the nonoperative group, 75% of the patients were seen at regular intervals extending to 
30 days. In the ORIF and percutaneous groups, 96% and 95% of patients were seen at 
the outpatient department for longer than 30 days. Transfer to a hospital abroad and 
refusal were the main reasons for not returning to the outpatient department. Only the 
patients who had attended the outpatient department for their entire clinical follow-up 
period were invited for the present study to report on their long-term functional out-
come (Table 3). This resulted in monitoring for longer than 30 days in 99% of the re-
sponders, with a median follow-up period of 14 months. A total of 108 patients were 
sent the questionnaires, of whom 78 responded (72% response rate).  
Table 3: Clinical and cosmetic outcome in patients who returned the questionnaire (N=78) 
 Overall 
(N=78) 
Non-operative 
(N=18) 
ORIF 
(N=27) 
Percutaneous 
(N=33) 
P-value* 
Follow-up (months) † 76 (54-88) 78 (51-88) 56 (28-76) 88 (68-107) <0.001‡/<0.001‡
Working pre-fracture‡ 78 (100%) 18 (100%) 27 (100%) 33 (100%) 1.000 / 1.000 
Heaviness of work‡      
Heavy 19 (24%) 6 (33%) 7 (26%) 6 (18%) 0.515 / 0.777 
Mild 33 (42%) 9 (50%) 10 (37%) 14 (42%)  
Light 25 (32%) 3 (17%) 10 (37%) 12 (36%)  
Work resumption at FU‡ 63 (81%) 13 (72%) 26 (96%) 24 (73%) 0.052 / 0.031‡ 
Returned to same position 44 (56%) 7 (39%) 21 (78%) 16 (48%) 0.016‡ / 0.043‡ 
Returned to changed position 19 (24%) 7 (39%) 5 (19%) 7 (21%)  
Unable to work due to complaints 10 (13%) 4 (22%) 1 (4%) 5 (15%)  
Pension or unknown 5 (6%) 0 (0%) 0 (0.0) 5 (15%)  
Sports activities pre-fracture‡ 37 (47%) 9 (50%) 14 (52%) 14 (42%) 0.744 / 0.604 
Sports activities resumed at FU‡ 28 (36%) 5 (28%) 10 (37%) 13 (39%) 0.702 / 1.000 
Walking barefoot‡      
No problems 46 (59%) 8 (44%) 19 (70%) 19 (57%) 0.360 / 0.545 
With problems 30 (38%) 10 (56%) 7 (26%) 13 (39%)  
Unable to do 2 (3%) 0 (0%) 1 (4%) 1 (3%)  
Able to run‡ 43 (55%) 9 (50%) 17 (63%) 17 (52%) 0.596 / 0.438 
Stiffness‡ 61 (78%) 18 (100%) 23 (85%) 20 (61%) 0.003‡ / 0.046‡ 
Continuous 31 (51%) 10 (56%) 12 (52%) 9 (45%) 0.799 / 0.763 
Only in the morning 30 (49%) 8 (44%) 11 (48%) 11 (55%)  
Change in shoe size‡ 22 (28%) 5 (28%) 8 (30%) 9 (27%) 0.979 / 1.000 
Size change † 1.0 (1.0-1.0) 1.0 (-0.1-1.0) 1.0 (0.6-1.0) 1.0 (1.0-2.0) 0.184 / 0.131 
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 Overall 
(N=78) 
Non-operative 
(N=18) 
ORIF 
(N=27) 
Percutaneous 
(N=33) 
P-value* 
Changes in type of shoe‡      
Unchanged / mild concession 53 (68%) 8 (44%) 21 (78%) 24 (73%) 0.186 / 0.885 
Slight orthopedic changes (insoles) 12 (15%) 5 (28%) 3 (11%) 4 (12%)  
Orthopedic shoes / shoe impossible 13 (17%) 5 (28%) 3 (11%) 5 (15%)  
Change in foot shape‡      
Unchanged 19 (24%) 3 (17%) 6 (22%) 10 (30%) 0.440 / 0.295 
Mild changes 42 (54%) 9 (50%) 18 (67%) 15 (45%)  
Moderate changes 13 (17%) 4 (22%) 3 (11%) 6 (18%)  
Major changes 4 (5%) 2 (11%) 0 (0%) 2 (6%)  
Adverse event (incl. infection) ‡ 27 (5%) 4 (22%) 9 (33%) 14 (42%) 0.345 / 0.595 
Infection‡ 11 (14%) N.A. 5 (19%) 6 (18%) N.A. / 1.000 
Surgical site infection 6 (55%) N.A. 4 (80%) 2 (33%) N.A. / 0.242 
Deep infection 5 (45%) N.A. 1 (20%) 4 (67%)  
Late intervention (ex. implant removal)‡ 14 (18%) 1 (6%) 4 (15%) 9 (27%) 0.135 / 0.348 
Subtalar arthrodesis 7 (50%) 1 (100%) 0 (0%) 12 (67%) 0.187 / 0.057 
Exostosis resection 2 (14%) 0 (0%) 1 (25%) 1 (11%)  
Wound debridement 3 (21%) 0 (0%) 1 (25%) 2 (22%)  
Revision surgery 2 (14%) 0 (0%) 2 (50%) 0 (0%)  
Implant removal‡ 36 (46%) N.A. 10 (37.0) 26 (78.8) N.A. / 0.001‡ 
Time until implant removal† (weeks) 25 (14-42) N.A. 55 (30-71) 23 (12-32) N.A. / 0.014‡ 
Abbreviations: FU, follow-up; NA, not applicable; ORIF, open reduction and internal fixation. 
Data presented as median (25th percentile to 75th percentile) or n (%). 
* First P-value from comparison of the 3 treatment groups; second p value for comparison of 2 surgical   
   groups. 
† Kruskal-Wallis analysis of variance. 
‡ Chi-square analysis. 
§ Statistically significant. 
Adverse Events, Late Interventions, and Implant Removal  
Of all 169 patients, 56 (33%) experienced an adverse event, including 16 patients who 
developed an infection. The prevalence of adverse events was lowest in the nonopera-
tive group (n = 14; 24%) and greatest in the percutaneous group (n = 28; 46%;  
p =0.026; Table 1). 
The difference in the prevalence of infections between the 2 operative methods was 
not significant 16% (5 superficial and 3 deep) in the ORIF group and 13% (2 superficial 
and 6 deep) in the percutaneous group (p = 0.315 comparing superficial and deep infec-
tion in the operative groups; Table 1).  
Late intervention (excluding implant removal) was performed in 32 patients (19%). 
This percentage was significantly greater in the percutaneous group (n = 18; 30%) than 
in the ORIF group (n = 6; 12%) or nonoperative group (n = 8; 14%; p = 0.030; Table 1).  
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The main late intervention (excluding implant removal) was subtalar arthrodesis in 
19 patients, followed by exostosis resection in 5, wound debridement in 5, and revision 
of the osteosynthesis surgery in 3. Secondary arthrodesis was performed most fre-
quently in the nonoperative group (7 of 8 patients undergoing late intervention; 88%; p 
= 0.002), followed by the percutaneous group (12 of 18, 67%; p = 0.004), and was not 
needed in the ORIF group. 
Overall, arthrodesis was performed in 12% of patients in the nonoperative group 
and 20% of patients in the percutaneous group.  
Implants were removed more frequently in the percutaneous group (n = 40; 66%) 
than in the ORIF group (n = 19; 39%; p = 0.007; Table 1). In addition to the lower preva-
lence of removal, the implants remained in situ for a significantly longer period in the 
ORIF group (median 55 weeks, P25-P75 36 to 69) than in the percutaneous group (median 
22 weeks, P25-P75 16 to 30; p < 0.001; Table 1).  
Patient-reported Outcome Measures 
Questionnaires were completed by 78 patients (18 treated nonoperatively, 27 with 
ORIF, and 33 percutaneously). The Functional Foot Index score differed significantly 
among the treatment groups, with the greatest disability reported by the nonoperative 
group (median overall score 40 points; Table 4 and Fig. 2A). This was significantly great-
er than in the ORIF group (16 points; p = 0.010) or the percutaneous group (21 points; p 
= 0.034). This was mainly attributable to differences in the subdomain activity limita-
tion. The median American Orthopaedic Foot and Ankle Society hindfoot score ranged 
from 61 points in the nonoperative group to 81 in the percutaneous group. No statisti-
cally significant relation with treatment was found, neither in the overall score nor in 
the individual subdomains. However, the data suggested a trend in favor of operative 
treatment. 
 
 
Figure 2. (A) Foot Function Index total score. (B) Foot Function Index subdomain scores. Nonop, nonoperative; 
ORIF, open reduction and internal fixation; Perc, percutaneous. 
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The median visual analog scale score for patient satisfaction ranged from 6.3 in the 
nonoperative group to 8.5 in the percutaneous group (p > 0.05). 
The SF-36 mental component summary score was similar in all treatment groups, 
with all median values within the normal range of 50 ± 10 points (Table 4 and Fig. 3B). 
However, the median PCS score was below the normality boundaries in the nonopera-
tive group (38 points). The median PCS score was 50 in the percutaneous group and 52 
in the ORIF group. The difference between the operative and nonoperative groups did 
not reach statistical significance (p = 0.050; Table 4 and Fig. 3A). 
The EQ-5D utility score (median 0.78, P25-P75 0.77 to 0.93) and EQ-visual analog scale 
score (median 80, P25-P75 70 to 89) were unrelated to the treatment used.  
operative groups. 
Table 4: Functional outcome and quality of life in patients who returned the questionnaire (N=78) 
 Overall 
(N=78) 
Non-operative 
(N=18) 
ORIF 
(N=27) 
Percutaneous 
(N=33) 
P-value 
FFI 
 Overall score 
 
22 (7-37) 
 
40 (10-69) 
 
16 (7-29) 
 
21 (4-37) 
 
0.031* 
 Pain 26 (9-48) 47 (11-68) 20 (9-41) 21 (2-45) 0.063 
 Disability 19 (8-50) 52 (11-70) 16 (1-34) 17 (2-47) 0.077 
 Activity limitation 5 (0-17) 16 (5-51) 4 (0-6) 2 (0-21) 0.017† 
AOFAS 
 Overall score 
 
77 (59-89) 
 
61 (43-78) 
 
76 (64-85) 
 
81 (66-95) 
 
0.060 
 Pain 30 (20-30) 20 (20-30) 30 (20-30) 30-(20-40) 0.132 
 Function 40 (32-47) 31 (20-41) 41 (34-47) 42 (34-48) 0.069 
 Alignment 10 (5-10) 10 (4-10) 10 (5-10) 10 (8-10) 0.208 
SF-36 
 PCS 
 
48 (36-54) 
 
38 (27-53) 
 
52 (42-57) 
 
50 (38-54) 
 
0.050 
 MCS 57 (47-61) 54 (45-60) 58 (56-61) 57 (45-62) 0.490 
EQ-5D 
 EQUS 
 
0.78 (0.77-0.93) 
 
0.78 (0.52-0.81) 
 
0.81 (0.78-0.93) 
 
0.78 (0.78-0.93) 
 
0.095 
 EQVAS 80 (70-89) 75 (63-83) 80 (75-90) 80 (70-90) 0.102 
Patient satisfaction  
(VAS) 
 
8.0 (6.0-9.5) 
 
6.3 (3.8-9.5) 
 
8.0 (6.0-9.5) 
 
8.5 (7.0-10.0) 
 
0.081 
Abbreviations: AOFAS, American Orthopaedic Foot and Ankle Society hindfoot score; CI, confidence interval; 
EQ-5D, EuroQol-5D; EQUS, EuroQol utility score; EQVAS, EuroQoL visual 
analog scale; FFI, Foot Function Index; MCS, mental component summary; PCS, physical component summary; 
SF-36, Short Form-36; VAS, visual analog scale. 
Data presented as median (25th to 75th percentile). 
Kruskal-Wallis analysis of variance used to assess statistical significance between the treatment groups, fol-
lowed by post hoc pairwise comparisons using the Mann-Whitney U test if 
significantly different. 
* Statistically significant difference found between nonoperative and ORIF groups (p = 0.010) and  
   nonoperative and percutaneous groups (p = 0.034). 
† Sta�s�cally signi�cant di�erence found between nonopera�ve and ORIF groups (p = 0.004) and  
   nonoperative and percutaneous groups (p = 0.025). 
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Figure 3. (A) Short Form-36 (SF-36) and physical component summary (PCS) scores. (B) SF-36 physical compo-
nent summary score for the subdomains. BP, bodily pain; GH, general health; PF, physical functioning; RF, role 
physical. 
Work Resumption, Sports Resumption, and Cosmesis  
All 78 patients had worked before their trauma, with no significant difference in the 
number of patients performing heavy labor among the treatment groups (Table 3). 
Patients in the ORIF group had resumed work in 96% of cases, significantly more than 
that in the percutaneous group (75%; p = 0.045). In the nonoperative group, 72% had 
returned to work at the time of completing the questionnaires. Because of the lower 
number of patients in the nonoperative group, this was not significantly different statis-
tically from the rate in the operative groups. In addition to resuming work more often, a 
significantly greater proportion of the ORIF group had returned to the same position as 
before their injury. 
Of the 78 patients, 37 (47%) had participated in sports activities before their injury. 
At the last follow-up point, 28 (76%) had resumed their sports activities, irrespective of 
the treatment type.  
Also, 46 patients (59%) were able to walk barefoot without problems, and 43 were 
able to run. Again, no relation with treatment was found. All patients in the nonopera-
tive group reported stiffness of the ankle compared with 85% in the ORIF group and 
61% in the percutaneous group (p = 0.003; Table 3). A total of 22 patients reported 
changes in shoe size, 59 reported a change in foot shape, and 25 reported the use of 
adjusted shoes at follow-up compared with before fracture. These findings were not 
associated with the treatment modality (Table 3). 
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DISCUSSION 
In the present retrospective study, patients with a displaced intra-articular calcaneal 
fracture generally showed better functional outcomes after operative treatment (i.e., 
ORIF and percutaneous treatment) than after nonoperative treatment. Although a 
greater percentage of patients in the operative treatment groups had adverse events 
(including infections) and late interventions, the patient-reported outcome scores were 
The nonoperatively treated patients reported more difficulties, such as shoe ad-
justments and hindfoot stiffness, and returned to work later. Of the 2 surgical proce-
dures, the results were in favor of the ORIF treatment strategy. In the percutaneous 
group, more complications were seen, implants had to be removed more often, and 
patients required late intervention more frequently.  
The published data have indicated that less invasive procedures might allow accel-
erated weightbearing, less joint stiffness, and greater patient’ satisfaction compared 
with ORIF (29,30). However, in the present study, ORIF provided better results. Almost 
one fifth of the percutaneously treated patients required secondary arthrodesis com-
pared with none in the ORIF group. The 20% secondary arthrodesis rate after percuta-
neous treatment found in the present study was comparable to the previously reported 
15% (18).  
ORIF treatment has been known for infectious complications (1). In our study, 16% 
of patients in the ORIF group (8 of 49) experienced an infectious complication, which 
was not much different from the 13% in the percutaneous group. This infection rate of 
13% was comparable to that in previous reports (31). Thus, the functional results in our 
study were not negatively affected by a learning curve of the surgeons in our medical 
center or a high infection rate. Although the implant removal rate of 39% for ORIF was 
comparable to that of other reports (39% to 49%) (32,33), the 57% rate in the percuta-
neous group was much greater than the 12% reported previously (34). Considering the 
complaints of the patients in our study, it is plausible that the large screw head of the 
implants used for the percutaneous treatment was the cause of the high rate of implant 
removal (18,31). Especially for percutaneous treatment, less prominent implants (i.e., 
headless screws) should be considered (35,36).  
The response percentage for the different treatments groups was 31% (18 of 59 pa-
tients) in the nonoperative group, 55% (27 of 49 patients) in the ORIF group, and 54% 
(33 of 61 patients) in the percutaneous group, indicating that fewer conservatively 
treated patients completed the questionnaires. The response percentage of both oper-
ative treatment groups was nearly identical.  
Although nonoperative treatment of calcaneal fractures did not lead to the best re-
sults, it could still be a viable treatment modality given the noncompliance of some 
patients concerning mobilization advice during follow-up. Early studies (37,38) showed 
that early exercise will be the best nonoperative modality. The nonoperatively treated 
better in the operative group. 
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patients reported inferior functional outcomes and more disability in the questionnaires 
than did the operatively treated patients. This might explain why the vast majority of 
late interventions in the nonoperative group were secondary arthrodesis. 
Several comparative studies have described the results of ORIF and nonoperative 
management but did not use a standardized functional outcome scoring system (39–
42). Studies comparing ORIF and nonoperative management that did use a disease-
specific outcome score have shown conflicting results. Three studies reported a signifi-
cantly greater outcome for operatively treated fractures (43–46). In another study, only 
a trend toward a better outcome in the operative group was seen (47). Two studies 
failed to find a significant difference (48,49).  
Just as with any retrospective study, we acknowledge the presence of limitations. 
The follow-up duration was different among the treatment groups because of a changes 
in the local protocol during the study period. The preferred surgical treatment changed 
from percutaneous to ORIF from 2005 onward. To some extent, the difference in func-
tional outcome scores could have resulted from the differences in the interval between 
the trauma and questionnaire completion. With a median follow-up of 56 and 88 
months, the ORIF and percutaneous groups had, overall, significantly better outcomes 
than did the nonoperatively treated patients, who had completed the questionnaires 
after 78 months. Clinical data could be retrieved for 9 months in the nonoperative 
group compared with 13 months in both operative groups. A shorter clinical follow-up 
period for the conservative group might have resulted in an underestimation of the true 
rate of complications and late interventions. This underestimation for the infectious 
complication rate in the present study was probably minimal, because more than 95% 
of the patients in the operative groups were followed up for at least 30 days, which we 
believed would be a relevant period for the identification of delayed or problematic 
wound healing.  
Another limitation was that of the 169 patients, only 108 (64%) met the eligibility 
criteria for an invitation to complete the questionnaires. The clinical data from the sam-
ple of 108 patients were similar to the data from the total population of 169 patients, 
supporting the idea that the invitees were representative of the total population. The 
response rate for the questionnaires was 72%, consistent with that previously reported 
(50). This could have introduced some selection bias. Because the response percentage 
was comparable in each treatment group, the bias could not explain the differences 
found.  
Minimally invasive, percutaneous treatment has often been chosen in patients with 
comorbidities, which might explain the complications in the percutaneous group. The 
differences in the complication rates between the percutaneous and ORIF groups 
should thus be interpreted with care. No difference in any of the observed patient char-
acteristics (i.e., gender, age at trauma, smoking, diabetes mellitus and other comorbidi-
ties) or injury characteristics (i.e., affected side, trauma mechanism, injury classification, 
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and concomitant injuries) among the treatment groups was noted in our study. There-
fore, any consequent bias can be assumed to be, at most, marginal.  
Concomitant injuries are not rare with calcaneal fractures. In the published data, 
there are indications that polytrauma patients with calcaneal fractures have had a 
worse clinical outcome than patients with isolated calcaneal fractures. The present 
study lacked statistical power to evaluate the relationship between polytrauma and 
functional outcome stratified by treatment modality. 
CONCLUSION 
Our results have indicated that operatively treated patients report improved outcomes 
and better Foot Function Index and American Orthopaedic Foot and Ankle Society hind-
foot scale score compared with the nonoperatively treated patients. These results sup-
port previous data (51–53). Patients treated with ORIF had the best outcome measures. 
In the present study, both functional and patient-related outcomes from the 3 different 
treatment strategies for displaced intra-articular calcaneal fractures were investigated. 
Overall, ORIF resulted in superior functional outcomes and greater patient satisfaction, 
with an acceptable complication rate and no secondary arthrodesis required. 
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ABSTRACT 
Introduction: Ankle and hindfoot fractures are often accompanied by a considerable 
amount of pain and associated need for systemic analgesics. Cooling devices have been 
developed in order to reduce swelling, pain, the need for analgesics, and complications. 
The primary aim was to examine the effect of cooling versus no cooling on pain levels in 
adult patients treated operatively for an ankle or hindfoot fracture. Secondary aims 
were to assess 1) the effect of cooling on analgesics use, 2) patient satisfaction with 
cooling or non-cooling, 3) hospital length of stay (HLOS), 4) the rate of complications, 
and 5) the rate of secondary interventions. 
Methods: Single center, retrospective case-control study. Patients who used a comput-
er-controlled cooling device before and after surgery of an ankle or hindfoot fracture 
between January 1, 2015 and January 1, 2017 were included. Matched patients without 
using cooling served as control. Patient, injury and treatment characteristics, pain 
scores and analgesics use during hospital admission were extracted from patient’s med-
ical files. 
Results: Pain scores in the cooling group (18 patients) did not statistically differ from the 
non-cooling group (17 patients). After surgery, less patients in the cooling group used 
paracetamol (p=0.041), and NSAIDs (p=0.006). Patient satisfaction of both cooling and 
non-cooling was rated with an eight out of ten points. The total HLOS was 14 days (P25-
P75 9.0-17.3) in the cooling group and 9 days (P25-P75 5.0-16.5) in the non-cooling 
group, this difference is mostly contributable to the difference in pre-operative HLOS (8 
days; P25-P75 4.8-13.0 versus 4 days; P25-P75 2.0-7.0) and time to surgery (13.5 days; 
P25-P75 9.3-16.3) versus 8 days; P25-P75 2.5-12.0). No statistical differences in compli-
cations and revision surgery were found. 
Conclusion: Patients with ankle or hindfoot fractures seem to benefit from computer-
controlled cooling, since equal pain sensation is feasible with less analgesics post-
operatively, whereas rates of complications and revision surgeries were comparable in 
both groups. Patients were highly satisfied with cooling. Prospective studies are re-
quired in order to strengthen these findings.  
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INTRODUCTION 
Ankle and hindfoot fractures can be challenging to treat and are associated with long-
term disability (1). They are often associated by a considerable amount of (pre-and 
postoperative) pain and need for systemic analgesics (2). Postoperative pain may pro-
long hospital length of stay and delay mobilization, which could increase the risk of 
postoperative complications and inferior functional long term outcome. To improve 
quality of care and for above mentioned reasons, (postoperative) pain should be re-
duced as soon as possible. Continuous peripheral nerve block (CPNB), patient-
controlled analgesia with morphine (PCA), oral and intravenous analgesics are used (2). 
Swelling is another crucial factor in lower extremity fracture treatment. The most 
traditional and simplest way to reduce swelling is to apply a pressure bandage or plaster 
cast and to elevate the leg on one or two pillows, with the heel free from pressure. 
Some surgeons prefer to use pneumatic compression instead. The use of such a foot 
pump has been shown to decrease the foot volume and swelling (3). But, patients often 
complain of associated pain (3).  
Cryocompression, combining cryotherapy and static compression, can be an alterna-
tive way to reduce swelling. Cryocompression therapy is hypothesized to result in earli-
er surgery, hospital discharge, and mobilization. A potential concomitant positive effect 
of cooling is pain relief and reduced need for analgesics. Pain relief could be explained 
by the swelling reduction or inhibition of inflammatory response induced by cooling. 
The primary aim of this study was to examine the effect of (preoperative and post-
operative) cooling versus non-cooling on the pain level in adult patients who sustained 
an ankle or hindfoot fracture that was treated operatively. Secondary aims were to 
assess the effect of cooling on analgesics use, patient satisfaction, hospital length of 
stay, and the rate of complications with associated secondary interventions.  
METHODS 
Study design 
In this single center (level 1 trauma center), retrospective case-control study patients 
were identified from hospital records based upon their ICD-10 (International Coding of 
Diseases, 10th revision) code, Diagnosis Related Group (DRG; in Dutch, DBC) code, or 
surgical intervention code. ICD-10 codes are S92.0 and S82.0, DRG codes are 224 (An-
kle), 236 (Calcaneus), 237 (Tarsus), 241 (Talus) and surgical interventions codes are 
338633I, 338636C, 338720, 338730P, 338731A, 338732D, 338740A, 338875E. Data 
were extracted from the patient’s medical files.  
All adult persons aged 18 years or older who were treated in a level 1 trauma cen-
ter, between January 1, 2015 and January 1, 2017 for an ankle (uni-, bi-, or trimalleolar) 
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or hindfoot (i.e., talus or calcaneus) fracture, with and without using a computer-
controlled cooling device pre- and postoperatively, were eligible for inclusion. Exclusion 
criteria were; 1) patients with a known pre-existing pain disorder (e.g., Complex Region-
al Pain Syndrome); 2) additional traumatic injuries that might have influenced pain; 3) 
patients with a bilateral, pathological, recurrent, or open fracture; and 4) patients with 
decreased sensory function in any leg that might have affected pain sensation. 
The total group was divided in a cooling group and a matched non-cooling control 
group. In the control group, patients were matched on age (± 15 years), gender, injured 
region (i.e., ankle, talus, calcaneus or a combination), malleolar involvement (i.e., uni-, 
bi-, trimalleolar), and Hawkins fracture classification. For some cases a match based on 
Essex-Lopresti and/or Sanders classification could not be found, since these classifica-
tion differences are assumed to hardly effect pain and analgesia, this was accepted. 
Cryotherapy was performed using a computer-controlled cooling device, the Zamar 
Therapy cooling device (Zamar Medical, Poreč, Croatia), Figure 1. 
 
 
Figure 1. Computer-controlled cooling device 
The Zamar ZT-cube (Zamar Medical, Poreč, Croatia) computer-controlled cooling device on the left. On the 
right the ankle and foot wrap. Image from www.zamar.care.com.  
Data collection 
Patient characteristics (i.e., gender, age at trauma, ASA grade, and comorbidities) and 
injury characteristics i.e., date of trauma, affected side, trauma mechanism, fracture 
classifications (4-11) were obtained from the electronic patients’ medical files. Further-
more, treatment characteristics, complications (i.e., persistent pain, necrosis, superficial 
and deep infections, intra-articular implants, and arthrosis), and late interventions (e.g., 
implant removal, debridement, and revision osteosynthesis) were obtained. Surgical 
site infections were defined by applying the criteria of the Centers for Disease Control 
and Prevention (12).  
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Outcome measures 
The primary outcome measure was the level of pain during hospital admission. Data on 
pain were routinely registered in the patient’s medical files during hospital admission. 
These registered scores were mostly a 10-point Numeric Rating Scale (NRS), which is a 
verbally administered pain rating scale in which patients rate their pain ranging from 0 
(no pain) to 10 (maximum pain) (13). Pain scores may also be registered based upon a 
10-centimeter Visual Analog Scale (VAS), in which 0 implies no pain and 10 implies the 
worst possible pain.  
Secondary outcome measures were the use of analgesics, hospital length of stay, 
patient satisfaction, complications, and secondary interventions.  
The dosage analgesics per intervention-day (i.e., cooling or non-cooling) was calcu-
lated by dividing the total dosage of administered analgesics during hospital admission 
by the intervention time during hospital admission. Opioids such as OxyContin, Oxy-
Norm, and Morphine (administered orally, intravenously, or intramuscularly) were con-
verted to an oral opioid equivalence using algorithms from a dedicated software pack-
age (Omrekenapp, Version 1.5, EverywhereIM Ltd., Takeda Nederland B.V., Nether-
lands). Patient satisfaction with regard to the cooling device or non-cooling methods 
was determined prospectively using a 10-point NRS, in which 0 implies extremely dissat-
isfied and 10 implies extremely satisfied.  
Statistical analysis 
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 
21.0 (SPSS, Chicago, Ill., USA). Normality of continuous data was tested with the 
Shapiro-Wilk test, and homogeneity of variances was tested using the Levene’s test. A 
p-value < 0.05 was taken as threshold of statistical significance in all statistical tests, and 
all tests were two-sided. Missing values were not imputed. 
Descriptive analysis was performed in order to report data per group. Continuous 
data are shown as median and percentiles (P25-P75). Crude numerical data were com-
pared with a Mann-Whitney U-test (non-parametric data), matched data were analyzed 
using the Wilcoxon Signed Rank test. Categorical data (e.g., rate of adverse events), 
numbers and frequencies are shown as N (%) and reported per treatment group. Crude 
categorical data were analyzed using a Fisher’s Exact test or Chi-squared test, as appli-
cable. Matched categorical data were analyzed using the McNemar test. 
RESULTS 
In this case-control study 35 patients were included, 18 patients in the cooling and 17 
patients in the non-cooling group (e.g., pressure bandage, plaster cast, or pneumatic 
compression). One case (patient who used the cooling device) could not be matched to a 
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control. In the cooling group the median age at trauma was 53 years, 13 patients (72%) 
were male and most patients (N=11, 31%) had American Society of Anaesthesiologists 
(ASA) classification of 2, 39% (N=7) of the patients had comorbidities. In the control group, 
the median age was lower, 44 years (p=0.468), 71% (N=12) was male and an equal per-
centage was classified as ASA class 1, eight patients (47%) had comorbidities (Table 1). 
Table 1: Demographic and injury data for the study population, separated with and without cooling 
Parameter Cooling 
Crude 
(N=18) 
Cooling 
Matched 
(N=17) 
No cooling 
Matched 
(N=17) 
P-value 
Crude 
P-value 
Matched 
Age (years) 53 (39-61) 53 (40-62) 44 (34-64) 0.468 0.031 
Male gender 13 (72.2%) 12 (70.6%) 12 (70.6%) 1.000A 1.000 
ASA      
 ASA 1 5 (27.8%) 5 (29.4%) 12 (70.6%) 0.040B 0.042 
 ASA 2 11 (61.1%) 10 (58.8%) 4 (23.5%)   
 ASA 3 2 (11.1%) 2 (11.8%) 1 (5.9%)   
 ASA 4 0 (0.0%) 0 (0.0%) 0 (0.0%)   
Comorbidities 7 (38.9%) 7 (41.2%) 8 (47.1%) 0.738A 1.000 
Affected side - Right 9 (50.0%) 9 (52.9%) 6 (35.3%) 0.500A 0.453 
Trauma      
 HET, fall (height) 11 (61.1%) 10 (58.8%) 12 (70.6%) 0.540B N.D. 
 HET, traffic  4 (22.2%) 4 (23.5%) 3 (17.6%)   
 HET, other 0 (0.0%) 0 (0.0%) 1 (5.9%)   
 LET, fall 3 (16.7%) 3 (17.6%) 1 (5.9%)   
 LET, other 0 (0.0%) 0 (0.0%) 0 (0.0%)   
Ankle fracture 3 (16.7%) 3 (17.6%) 3 (17.6%) 1.000A 1.000 
 Malleolar involvement    1.000B N.D. 
  Unimalleolar 1 (33.3%) 1 (33.3%) 1 (33.3%)   
  Bimalleolar 1 (33.3%) 1 (33.3%) 1 (33.3%)   
  Trimalleolar 1 (33.3%) 1 (33.3%) 1 (33.3%)   
Foot fracture 17 (94.4%) 16 (94.1%) 16 (94.1%) 1.000A 1.000 
 Talus fracture 5 (27.8%) 4 (23.5%) 4 (23.5%) 1.000A 1.000 
 Calcaneal fracture 14 (77.8%) 13 (76.5%) 13 (76.5%) 1.000A 1.000 
  Essex-Lopresti    0.695A 0.727 
   Tongue 7 (53.8%) 6 (50.0%) 4 (33.3%)   
   Depression 6 (46.2%) 6 (50.0%) 8 (66.7%)   
Additional injuries 8 (44.4 %) 7 (41.2%) 4 (23.5%) 0.289A 0.375 
 Injured regions    0.361B 0.172 
   1 4 (50.0%) 4 (57.1%) 3 (75.0%)   
   2 0 (0.0%) 0 (0.0%) 0 (0.0%)   
   ≥ 3 4 (50.0%) 3 (42.9%) 1 (25.0%)   
N, Number of patients; ASA, America Society Anesthesiologists score; HET, High Energy Trauma; LET; Low 
Energy Trauma. For the ‘Matched p-value’ 17 patients in each group were analyzed. For the ‘Non-matched p-
value’ N=18 in the cooling group and N=17 in non-cooling group. 
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Categorical data are shown as N (%). Crude categorical data were analyzed using a AFisher’s Exact test or BChi-
squared test. Matched categorical data using the McNemar test.  
Continuous data are shown as median (P25-P75). Crude numerical data were analyzed using the Mann-Whitney 
U-test. Matched numerical data using the Wilcoxon Signed Rank test. 
In both groups the most frequent trauma mechanism was fall from height (Table 2). The 
study population included three ankle fractures in both groups, four talus and thirteen 
calcaneal fractures in the non-cooling group, and in the cooling group one more talus 
and one more calcaneal fracture occurred. Multiple ankle or hindfoot injuries per per-
son occurred. 
Treatment characteristics are shown in Table 3. After trauma, the median time to 
surgery was longer in the cooling group (13.5 days; P25-P75 9.3-16.3) than in the con-
trol group (8 days; P25-P75 2.5-12.0; p=0.023). The pre-operative hospital length of stay 
(HLOS) was longer in the cooling group (8 days; P25-P75 4.8-13.0) than in the control 
group (4 days; P25-P75 2.0-7.0; p=0.008). The most commonly used non-cooling meth-
od was plaster cast, nine patients (69.2%).  
A significant difference (p=0.020) was found in surgical techniques, in the cooling 
group more patients (94.4%) were treated with Open Reduction and Internal Fixation 
(ORIF) compared with 58.5% of the patients in the control group. The latter more often 
underwent percutaneous (Closed Reduction and Internal Fixation, CRIF) or primary 
arthrodesis. 
Table 2: Treatment data for the study population, separated with and without cooling 
Parameter Cooling 
Crude 
(N=18) 
Cooling 
Matched 
(N=17) 
No cooling 
Matched 
(N=17) 
P-value 
Crude 
P-value 
Matched 
Pre-operative period      
Time trauma to surgery (days) 13.5 (9.3-16.3) 14.0 (10.0-16.5) 8.0 (2.5-12.0) 0.023 0.042 
HLOS (days)  8.0 (4.8-13.0) 9.0 (5.0-13.0) 4.0 (2.0-7.0) 0.008 0.021 
(Non-)Cooling period (days) 7.0 (4.5-9.0) 7.0 (5.0-9.0) 7.0 (3.3-11.0) 0.928 0.776 
Type of non-cooling method    0.530B N.D. 
 Pressure bandage N.A. N.A. 3 (23.1%)   
 Plaster cast N.A. N.A. 9 (69.2%)   
 Pneumatic pump N.A. N.A. 0 (0.0%)   
 Other N.A. N.A. 1 (7.7%)   
Analgesics 16 (88.9%) 15 (88.2%) 11 (64.7%) 0.121A 0.219 
 Paracetamol 16 (88.9%) 15 (88.2%) 11 (64.7%) 0.121A 0.219 
  Total dosage (g) 23.5 (15.5-31.0) 24.0 (17.0-31.0) 16.0 (6.0-24.0) 0.108 0.084 
  Dosage / day (g) 3.3 (2.9-3.6) 3.3 (2.7-3.5) 2.0 (0.0-3.0) 0.004 0.008 
 NSAID 9 (50.0%) 8 (47.1%) 6 (35.3%) 0.500A 0.727 
  Total dosage (g) 3.0 (1.6-4.1) 2.9 (1.3-4.2) 0.75 (0.30-3.3) 0.086 0.109 
  Dosage / day (g) 45 (0-516) 0 (0-457) 0 (0-48) 0.200 0.266 
 OxyNorm* 12 (66.7%) 11 (64.7%) 8 (47.1%) 0.315A 0.549 
 OxyContin* 9 (50.0%) 8 (47.1%) 5 (29.4%) 0.305A 0.453 
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Parameter Cooling 
Crude 
(N=18) 
Cooling 
Matched 
(N=17) 
No cooling 
Matched 
(N=17) 
P-value 
Crude 
P-value 
Matched 
 Morphine* 0 (0.0%) 0 (0.0%) 1 (5.9%) 0.486A N.D. 
 Opioid equivalence 13 (72.2%) 12 (70.6%) 9 (52.9%) 0.305A 0.508 
  Total dosage (mg) 188 (56-246) 195 (90-248) 120 (31-274) 0.574 1.000 
  Dosage / day (mg) 13 (0-29) 11 (0-29) 0 (0-14) 0.049 0.064 
 PCA  3 (16.7%) 2 (11.8%) 2 (11.8%) 1.000A 1.000 
  Days 2 (N.D.) 1.5 (N.D.) 3 (N.D.) 0.767 N.D. 
Surgery    0.020B N.D. 
  ORIF 17 (94.4%) 16 (94.1%) 10 (58.8%)   
  CRIF 0 (0.0%) 0 (0.0%) 4 (23.5%)   
  Arthrodesis 0 (0.0%) 0 (0.0%) 3 (17.6%)   
  Other 1 (5.6%) 1 (5.9%) 0 (0.0%)   
Post-operative period      
HLOS (days)  5.5 (4.5-8.3) 5.5 (4.5-8.3) 6.0 (2.5-8.0) 0.654 0.592 
Total HLOS (days)  14.0 (9.0-17.3) 14.0 (9.0-17.3) 9.0 (5.0-16.5) 0.132 0.305 
(Non-)Cooling period (days) 5.0 (0.0-8.0) 5.0 (0.0-7.5) 14.0 (6.0-68.0) 0.002 0.016 
Analgesics 12 (66.7%) 11 (64.7%) 16 (94.1%) 0.088A 0.125 
 Paracetamol 11 (61.1%) 10 (58.8%) 16 (94.1%) 0.041A 0.070 
  Total dosage (g) 15.0 (11.0-19.0) 15.5 (10.5-19.5) 16.0 (5.0-28.0) 0.962 0.203 
  Dosage / day (g) 1.8 (0-3.3) 1.9 (0-3.3) 2.6 (2.0-3.7) 0.037 0.078 
 NSAID 6 (33.3%) 5 (29.4%) 14 (82.4%) 0.006A 0.004 
  Total dosage (mg) 2.6 (1.6-3.6) 2.0 (1.5-3.4) 1.0 (0.29-3.8) 0.160 0.588 
  Dosage / day (mg) 0 (0-430) 0 (0-352) 75 (25-474) 0.071 0.363 
 OxyNorm* 9 (50.0%) 8 (47.1%) 14 (82.4%) 0.075A 0.146 
 OxyContin* 11 (61.1%) 10 (58.8%) 10 (58.8%) 1.000A 1.000 
 Morphine* 0 (0.0%) 0 (0.0%) 0 (0.0%) N.D. 1.000 
 Opioid equivalence 11 (61.1%) 10 (58.8%) 14 (82.4%) 0.264A 0.344 
  Total dosage (mg) 150 (83-225) 150 (79-242) 113 (71-311) 0.661 0.150 
  Dosage / day (mg) 16.9 (0-29.3) 15.0 (0-30.6) 24 (3-41) 0.341 0.523 
 PCA  3 (16.7%) 2 (11.8%) 4 (23.5%) 0.691A 0.625 
  Days 2 (N.D.) 1.5 (N.D.) 3 (1.5-9.8) 0.589 N.D. 
* OxyContin, OxyNorm, and Morphine per os, intravenous, or intramuscular were converted to an opioid 
equivalence. N, number of patients; HLOS, Hospital length of Stay; NSAID, Non-Steroidal Anti-Inflammatory 
Drugs; ORIF, Open Reduction and Internal Fixation; CRIF, Closed Reduction and Internal Fixation; PCA, Patient 
Controlled Analgesia pump.  
Categorical data are shown as N (%). Crude categorical data were analyzed using a AFisher’s Exact test or BChi-
squared test. Matched categorical data using the McNemar test.  
Continuous data are shown as median (P25-P75). Crude numerical data were analyzed using the Mann-Whitney 
U-test. Matched numerical data using the Wilcoxon Signed Rank test. 
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Analgesics 
Table 3 shows that 16 patients (88.9%) in the cooling group used at least one analgesic 
during hospital stay, 11 patients (64.7%) in the non-cooling group used analgesics 
(p=0.219). Pre-operatively patients in the cooling group used significantly more parace-
tamol (3.3 grams versus 2.0 grams, p=0.004) and opioids (13 mg versus 0 mg, p=0.049) 
per day. 
After surgery, eleven patients (61.1%) in the cooling group used paracetamol, in 
contrast with 16 patients (94.1%) in the non-cooling group (p=0.041). Not only the 
number of patients but also the dose of paracetamol per day was higher in the non-
cooling group (2.6 grams versus 1.8 grams, p=0.037). The same applies to the Non-
Steroidal Anti-Inflammatory Drugs (NSAID). Six versus 14 patients (p=0.006) in respec-
tively the cooling and non-cooling group used a NSAID. No significant difference could 
be demonstrated concerning the number of patients using opioids (p=0.264) and the 
daily dosage opioids (p=0.341). Same accounts for the number of patients (p=0.691) 
using Patient Controlled Analgesia (PCA) and the amount of days using PCA (p=0.589). 
Pain  
The median VAS pain scores for the case and control groups are depicted in Figure 2A. 
The difference (cooling minus non-cooling) of the matched case-control sets is shown in 
Figure 2B. On most days the line lies below zero, which suggests that cooling provides 
pain reduction. However, due to the fact the confidence band is intersecting the x-axis, 
it is not possible to conclude this is statistically significant different. Six days before 
surgery the median VAS pain in the cooling group was 1.5 points (P25-P75 0.0-3.3) ver-
sus 5.0 points (P25-P75 4.0-6.0) in the non-cooling group (p=0.051). The day before 
surgery patients who used the cooling device reported a VAS pain of 2.5 points (P25-
P75 1.7-3.5) versus a median of 4.0 points (P25-P75 2.3-5.4; p=0.062) in the non-cooling 
group. One week after surgery, the difference was again less pronounced, a median of 
1.0 points (P25-P75 1.0-1.0) in the cooling group versus 3.5 points (P25-P75 1.5-6.1; 
p=0.277) in the non-cooling group. 
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Figure 2. Pain scores 
A. An overview of the median VAS pain scores per day from 14 days before and after surgery, the case and 
control group separated. The day of surgery is indicated as ‘0’ on the x-axis. In the rows in the upper part of 
the figure ‘Ca’ is the number of cases and ‘Co’ is the number of controls at each time point with available VAS 
pain scores. B. The median VAS pain scores for matched case-control sets, the blue line is the result of cooling 
minus non-cooling VAS pain scores. Data are reported as median with confidence band (blue dotted area). 
Data below the zero-line suggests that cooling provides pain reduction. N; number of patients and VAS pain 
scores used to calculate the case-control sets. 
Adverse events and revision surgery 
In Table 4 the adverse events and revision surgeries are shown. In the cooling group 
33.3% (six patients) developed an adverse event versus 35.3% (six patients) in the non-
cooling group. Six patients (33.3%) in the cooling group versus three (17.6%) in the non-
cooling group (p=0.375) had complaints of persistent pain. Although overall less (five, 
27.8%) patients required revision surgery in the cooling group, versus six patients 
(35.3%) in the non-cooling group, a significant difference could not be demonstrated. In 
the non-cooling group more patients had to undergo implant removal (N=5, 29.4%), 
debridement (N=1, 5.9%), subtalar arthrodesis (N=1, 5.9%) and myocutaneous flap 
reconstructions (N=1, 5.9%), compared with the cooling group. 
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Table 3: Outcome parameters, separated with and without cooling 
Outcome Cooling 
Crude 
(N=18) 
Cooling 
Matched 
(N=17) 
No cooling 
Matched 
(N=17) 
P-value 
Crude 
P-value 
Matched 
VAS Satisfaction 8 (8-9) 8.5 (7.8-9.3) 8 (4.8-9) 0.233 0.285 
Adverse events 6 (33.3%) 5 (29.4%) 6 (35.3%) 1.000A 1.000 
 Persistent Pain 6 (33.3%) 5 (29.4%) 3 (17.6%) 0.443A 0.375 
 Necrosis 0 (0.0%) 0 (0.0%) 1 (5.9%) 0.486A N.D. 
 Infection superficial 1 (5.6%) 1 (5.9%) 0 (0.0%) 1.000A N.D. 
 Infection deep 0 (0.0%) 0 (0.0%) 1 (5.9%) 0.486A N.D. 
 Intra-articular screw 0 (0.0%) 0 (0.0%) 2 (11.8%) 0.229A N.D. 
 Arthrosis 0 (0.0%) 0 (0.0%) 1 (5.9%) 0.486A N.D. 
 Non-union 0 (0.0%) 0 (0.0%) 0 (0.0%) N.D. N.D. 
Revision surgery 5 (27.8%) 4 (23.5%) 6 (35.3%) 0.725A 0.727 
 Implant removal 5 (27.8%) 4 (23.5%) 5 (29.4%) 1.000A 1.000 
 Debridement 0 (0.0%) 0 (0.0%) 1 (5.9%) 0.486A N.D. 
 Subtalar arthrodesis 0 (0.0%) 0 (0.0%) 1 (5.9%) 0.486A N.D. 
 Myocutaneous flap 0 (0.0%) 0 (0.0%) 1 (5.9%) 0.486A N.D. 
Categorical data are shown as N (%). Crude categorical data were analyzed using a AFisher’s Exact test or BChi-
squared test. Matched categorical data using the McNemar test.  
Continuous data are shown as median (P25-P75). Crude numerical data were analyzed using the Mann-Whitney 
U-test. Matched numerical data using the Wilcoxon Signed Rank test.  
Patient satisfaction  
Patients rated cooling versus non-cooling similar. An eight (P25-P75 8-9) out of ten 
points was given by patients in the cooling group, and also an eight (P25-P75 4.8-9) in 
the non-cooling group, p=0.233. 
DISCUSSION 
In this study a beneficial effect on pain and post-operative need for analgesics was seen 
in patients with ankle or hindfoot fractures using cryocompression therapy via a com-
puter-controlled cooling device. Before surgery, the dosage per day of paracetamol and 
opioids was higher in the cooling group than in the non-cooling group, however the 
number of patients using these analgesics did not statistically differ. No differences in 
complications and revision surgery rates were found. Patients were highly and equally 
(compared with non-cooling) satisfied with cooling before and after surgery. 
Cryocompression therapy has been investigated in the past, often in elective knee 
surgery (e.g., arthroscopy and anterior cruciate ligament reconstructions). Although 
effects on pain could not always demonstrated (14, 15), the positive effect of cooling on 
VAS and Likert pain scores, analgesics use, and range of motion is described (16-18). 
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Iatrogenic hypothermic injury in the treatment of traumatic injuries is a rare complica-
tion and to our knowledge only described once in literature (19). Treatment with the 
computer-controlled cooling device is widely used and assumed safe, however research 
on cryotherapy for traumatic injuries is scarce. In this study none of the patients report-
ed severe cryotherapy-related (e.g., hypothermia) complications of the ankle or foot.  
A significant difference in age between the cooling and non-cooling group was not-
ed. As patients were matched among others on age (± 15 years), this difference oc-
curred due to chance. The age difference is however not likely relevant for the primary 
clinical outcome measures. Besides, patients in the control group are younger, suggest-
ing results of the cooling effects are underestimated.  
Despite cooling is intended to result in earlier surgery, the time to surgery was sig-
nificantly longer in the cooling group (13 days) than in the non-cooling group (8 days).  
This might be explained by coincidence. However, not the time to surgery but the 
time to ‘fit’ for surgery is important, which could be determined based on the wrinkle 
sign. A significant difference in surgical techniques was found, ORIF was statistically 
significant more often performed in the cooling group than in the non-cooling group. It 
is unknown whether this difference could be explained by less swelling (more wrinkling) 
due to cooling. The more invasive ORIF might also be associated with more pain. Unfor-
tunately, the sample size is too low for a multivariable analysis in which a potentially 
confounding effect of treatment on pain could be analyzed. If the only effect of cooling 
is pain reduction, in terms of less paracetamol and lower VAS pain scores, then cooling 
would be an expensive option. Therefore, prospective studies are required with an 
actual time to ‘fit for surgery’, pain levels, analgesic use, swelling reduction, cost effec-
tiveness and complications. 
Also the hospital length of stay was longer in the cooling group than in the non-
cooling group. These findings can be explained due to guidelines for new implemented 
techniques, in which patients who used the computer-controlled cooling device had to 
be admitted pre-operatively for a (longer) period of time. Nowadays, more than two 
years of experience, all patients can be and are treated in an outpatient setting.  
Remarkably, the daily amount of paracetamol and opioids taken before surgery 
were higher in the cooling group than in the non-cooling group. An association between 
opioids use and hospital length of stay seems logical, since a patient can be checked 
regularly the threshold to prescribe opioids is much lower during clinical admission. 
Furthermore, of the patients who were not admitted, mostly patients in the non-cooling 
group, the medication data was less accurate as only the administered analgesics during 
hospital admission were concerned in this study. Above mentioned might distort the 
findings on pre-operatively used analgesics.  
A limitation of this study is the lack of one single outcome for analgesic use, an in-
crease in administered opioids does not naturally mean an increase or decrease in para-
cetamol or NSAID use. For this reason, individual analgesic requirements are hard to 
compare. Another limitation associated with the retrospective design of the study is the 
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fact that patients received medication following standard hospital protocols, ideally (or 
in a prospective study) patients would receive analgesics on request to truly measure 
the analgesic need. Otherwise it is uncertain whether the patient actual requested the 
analgesics to control the pain or just followed hospital protocols. Furthermore, it is 
unclear whether patients were actually cooling at the moment of pain assessment, an 
inherent limitation of a retrospective study. Some patients in the cooling group were 
treated partly with a non-cooling method before and after surgery. This study however 
solely focused on the analgesics, VAS pain scores, and other outcome measures during 
the actual cooling-period. 
CONCLUSION 
Patients with ankle or hindfoot fractures seem to benefit from computer-controlled 
cooling, since equal pain sensation is feasible with less analgesics post-operatively, 
whereas rates of complications and revision surgeries were comparable in both groups. 
Patients were highly satisfied with cooling. Prospective studies are required in order to 
strengthen these findings. 
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ABSTRACT 
Introduction: Tongue-type displaced intra-articular calcaneal fractures (DIACF) are asso-
ciated with a specific pattern of fracture displacement in contrast to joint depression 
fractures. This may result in tension of soft tissue in the posterior part of the heel. Ten-
sion-induced ischemia can result in skin necrosis. The objectives of this study were to 
investigate whether patients with tongue-type calcaneal fractures exert a higher risk of 
complications, especially of the posterior soft tissues, than joint depression type frac-
tures. Also, late interventions (e.g., antibiotics, debridements, and amputations) and the 
effect of timing of surgery on the complication rate was assessed.  
Methods: In this international retrospective cohort study, data of adult patients with a 
DIACF in the period January 1, 2005 to December 31, 2015 were extracted from pa-
tients’ medical files. Descriptive, univariate, and multivariable analyses were performed 
in SPSS. 
Results: A total of 560 patients with 632 DIACF were included (295 tongue-type and 337 
non-tongue-type fractures). At hospital presentation, 20.3% of the patients with a 
tongue-type fracture had compromised posterior soft tissue versus 12.8% with non-
tongue-type fractures (p=0.032). However, corrected for potential confounders the risk 
was no longer statistically significant (OR 1.497; 95% CI 0.831-2.696). Patients with a TT-
DIACF had a 1.2 to 3.4-fold higher rate of any local wound complication (deep infec-
tions, and full thickness lesions, p<0.03). In addition, they had 2.0 to 8.0-fold more in-
travenous antibiotics, debridements, soft tissue coverage procedures and amputations 
(p<0.03). Patients who underwent surgery within two days after trauma had a higher 
risk to develop any complication, in particular superficial infections, when compared to 
surgery between 3-7 days, but no significant difference between 3-7 and ≥ 8 days could 
be demonstrated. 
Conclusion: Despite the fact that patients with a tongue-type fracture developed poste-
rior skin and soft tissue compromise nearly twice as often, this difference disappeared 
after correction for confounders. The overall complication risk was increased in patients 
with tongue-type calcaneal fractures as compared to patients with a non-tongue-type 
fracture. Whether or not patients with tongue-type fractures require immediate surgery 
cannot be concluded from the data.  
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INTRODUCTION  
According to Essex-Lopresti displaced intra-articular calcaneal fractures (DIACFs) can be 
divided, into either tongue-type or joint depression patterns (1). In a tongue-type DI-
ACF, the fracture line disperses longitudinally from the articular surface and exits poste-
riorly through the calcaneal tuberosity. Hereby, the posterior tuberosity fragment is 
displaced superiorly and dorsally due to traction of the Achilles tendon and plantar 
fascia. This specific pattern of fracture displacement easily results in significant pressure 
on and tension to the skin covering the posterior part of the calcaneus. Too much or 
prolonged tension may aggravate trauma-induced soft tissue injury, due to additional 
soft tissue ischemia, and finally necrosis, and thus converting a closed fracture into an 
open one (Figure 1). Posterior skin compromise is described to occur in 21% of the 
patients with tongue-type calcaneal fractures (2). 
 
 
Figure 1. A. Lateral radiograph of a tongue-type DIACF at first hospital presentation, with severe displacement 
of the posterior tuberosity of the calcaneus. B. Presence and impending posterior soft tissue compromise 
(e.g., hematoma, blisters, and necrosis) due to the specific fracture displacement resulting in high tension on 
the skin. C. Status after Open Reduction and Internal Fixation (ORIF), 5 months after trauma. D. Wound heal-
ing after ORIF via Sinus Tarsi Approach. 
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Displaced intra-articular calcaneal fractures are often managed operatively (3). 
Postoperative wound infections occur frequently, often resulting in delayed wound 
healing and prolonged length of hospital stay, and sometimes in permanent iatrogenic 
disability (4, 5). In order to decrease the number of wound complications, it was 
thought that patients would benefit from delayed operative fixation of calcaneal frac-
tures (6). However, failure to detect ongoing soft tissue deterioration during the (pre-
operative) period may also lead to additional soft tissue morbidity (1, 5). It is the ques-
tion whether a delayed surgical procedure is suitable for all calcaneal fractures.  
Reversible skin ischemia (i.e., compromised skin perfusion due to the specific frac-
ture displacement) may progress into irreversible skin necrosis if patients with tongue-
type DIACFs are not operated on immediately (2, 7). To date, little has been reported on 
posterior soft tissue complications associated with tongue-type calcaneal fractures. 
The primary aim, of this study was to compare the rate of posterior soft tissue com-
promise in adult patients with a tongue-type versus non-tongue-type DIACF. Secondary 
aims were 1) to compare the rate of other complications; 2) to compare the rate of late 
interventions; and 3) to examine the effect of timing of surgery on the complication 
rate. 
METHODS 
Study design 
In this international, retrospective cohort study patients were identified from hospital 
records based upon their ICD-10 (International Coding of Diseases, 10th revision) code 
S92.0, Diagnosis Related Group (DRG; in Dutch, DBC) code 236, or hospital specific sur-
gical intervention codes. Data were extracted from the patient’s medical files in the 
three participating hospitals.  
Adult patients aged 18 years or older who were treated for a unilateral or bilateral DI-
ACF (Essex-Lopresti tongue-type or joint depression type and Sanders type II-IV) be-
tween January 1, 2005 and December 31, 2015 were eligible for inclusion if a clinical 
follow-up of at least three months was documented. Patients suffering from local skin 
conditions that were not related to the fracture itself, but could influence outcome 
(e.g., burn or chemical wounds or pre-existing skin conditions in the affected foot re-
gion for example resulting from diabetes mellitus or venous insufficiency) and patients 
with a pathological calcaneal fracture were excluded. Open fractures, not caused by 
direct external trauma, were not excluded 
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Data collection  
Patient characteristics (i.e., gender, age at trauma, ASA grade, Body Mass Index (BMI), 
comorbidities, and medication use), injury characteristics (i.e., date of trauma, affected 
side, trauma mechanism, fracture classifications (1, 8), soft tissue compromise, injury 
classifications (9), and radiographic measurements (2, 10)), treatment characteristics 
(i.e., admission duration, method of swelling reduction, treatment type: Open Reduc-
tion and Internal Fixation (ORIF), Closed Reduction and Internal Fixation (CRIF), primary 
arthrodesis or non-operative treatment (i.e., plaster cast, a pressure bandage or PTB-
Brace), initial soft tissue coverage), complications, and late interventions were obtained 
from the electronic patient’s medical files.  
Compromise was defined as the lack of sufficient blood supply for soft tissue to re-
main viable. Compromise is defined as a reversible condition, but could potentially 
result in more severe (e.g., infection), or irreversible conditions (e.g., necrosis). Soft 
tissue compromise is limited to the posterior part of the foot. Compromise at the ante-
rior, lateral, and medial side were not registered as compromise, nor was compromise 
caused by external trauma. In this study the following conditions are registered as com-
promise, when occurred within three weeks post trauma (or until the start of initial 
operative intervention, for patients treated operatively): hematoma, contusion, blisters, 
threatened skin (i.e., pallor or collateral blanchable redness of the skin), ischemia, par-
tial thickness lesion (i.e., loss of integrity of the skin and subcutaneous tissue as result of 
prolonged ischemia), and full thickness lesion (i.e. communicating with periosteum, 
open fracture).  
The following post-operative complications, although not all causally related to the 
operation, were collected: abrasion, hematoma, swelling, blisters, pallor, partial or full 
thickness lesion, necrosis, superficial infection (i.e., non-operative treatment, no admis-
sion, possibly oral antibiotics), deep infection (i.e., surgical intervention, admission, 
possibly intravenous antibiotics), compartment syndrome, implant failure, secondary 
dislocation, malalignment, non-union, sural nerve injury, tendon injury, paresthesia, 
persistent pain, or arthritis. 
The research physician and research assistant measured Böhler’s angles and classi-
fied radiographs according to the Essex-Lopresti classification.Any disputes were dis-
solved by consensus. Patients with bilateral fractures consisting of one tongue-type and 
one non-tongue-type fracture were placed (and analyzed) based on the type of fracture 
at the right side. Patients who had additional injuries were described as ‘polytrauma’.  
Statistical analysis 
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 
21.0 (SPSS, Chicago, Ill., USA). The Youden index was analyzed using MedCalc version 
14.10.2 (MedCalc Software, Ostend, Belgium). This index is the difference between the 
true positive rate and the false positive rate and respresents the optimal cut-off point 
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for timing of surgery. Normality of continuous data were tested with the Shapiro-Wilk 
test, and homogeneity of variances was tested using the Levene’s test. A p-value < 0.05 
was taken as threshold of statistical significance in all statistical tests, and all tests were 
two-sided. Missing values were not imputed.  
Descriptive analysis was performed in order to report patient characteristics, injury-
related variables and treatment-related variables per group. Differences between 
groups were tested using Student’s T-test or Mann-Whitney U-test (parametric and 
non-parametric continuous data, respectively) or a Chi-squared or Fisher’s exact test 
(categorical data). 
Univariate analysis of the rate of posterior soft tissue compromise was done using a 
Chi-squared test. Multivariable analysis was done as secondary analysis. Treatment and 
other variables that could potentially distort the association between fracture type and 
soft tissue compromise were included in this model as covariates. Covariates were se-
lected based upon literature data, by eyeballing the descriptive statistics and the co-
variates with a p<0.200 in the univariate analysis (Supplemental Tables 2-12). Odd’s 
ratio (OR) are reported with 95% confidence interval and p-value.  
RESULTS 
In total 735 patients were identified of whom 565 patients met the inclusion criteria. 
Five patients were excluded; one patient had a pre-existent local skin condition that was 
not related to the fracture, two patients had a primary amputation, and two patients 
had an unknown Essex-Lopresti classification). This resulted in 560 included patients 
with 632 fractures (72 bilateral fractures); 295 (46.7%) had a tongue-type calcaneal 
fracture and 337 (53.3%) a non-tongue-type fracture (i.e., joint-depression type or se-
verely comminuted calcaneal fractures). Of the patients with bilateral fractures, 18 
patients had a tongue-type fracture on the right side and a non-tongue-type fracture on 
the left side and were thus analyzed in the tongue-type group. The reverse applied to 
11 patients.  
The mean age of the patients in the tongue-type group was significantly lower than in 
the non-tongue-type group (42 versus 46 years, p = 0.006; Supplemental Table 1). Other 
covariates such as gender, BMI, ASA scores, smoking status, alcohol consumption, comor-
bidities (except psychiatric), and medication usage did not differ significantly between the 
two groups. Significantly more patients had a psychiatric disorder in the tongue-type frac-
ture group (18.6% versus 11.6%, p = 0.027). In the tongue-type group 247 (83.7%) pa-
tients were treated operatively compared with 285 (84.6%) patients in the non-tongue-
type group (p = 0.827). Significantly more polytrauma patients were observed in the 
tongue-type group (47.6% versus 38.9%, p = 0.040, Supplemental Table 1). 
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Posterior soft tissue compromise  
Posterior soft tissue compromise at hospital presentation was documented in 37 
(20.3%) of 182 tongue-type fractures, versus 26 (12.8%) of the 203 non-tongue-type 
fractures (p = 0.032). A tongue-type fracture appeared to be a risk factor for developing 
posterior soft tissue compromise (OR 1.715; 95% CI 1.012-2.909; Table 1), but after 
correction for confounders this was no longer significant (OR 1.497; 95% CI 0.831-
2.696). Supplemental Tables 1-12 show the various covariates used in the multivariable 
analysis. 
Table 1: Posterior soft tissue compromise and complications in tongue-type versus non-tongue-type DIACFs  
Variable OR (95% CI) P-value OR (95% CI) P-value 
 Crude  Adjusted  
Posterior soft tissue compromiseA 1.715 (1.012-2.909) 0.045 1.497 (0.831-2.696) 0.179 
Complications      
Any complicationB 1.546 (1.121-2.130) 0.008 1.813 (1.178-2.791) 0.007 
InfectionC 1.351 (0.925-1.974) 0.120 1.728 (1.082-2.761) 0.022 
 SuperficialD 1.003 (0.622-1.618) 0.989 1.209 (0.700-2.088) 0.496 
 DeepE 1.695 (1.074-2.673) 0.023 1.619 (0.948-2.767) 0.078 
Lesions     
 Full ThicknessF 3.585 (1.404-9.155) 0.008 3.043 (1.063-8.714) 0.038 
 Partial ThicknessG 1.208 (0.674-2.164) 0.526 0.702 (0.329-1.498) 0.360 
NecrosisH 1.777 (0.925-3.413) 0.084 1.244 (0.590-2.621) 0.566 
Non-unionI 1.236 (0.586-2.605) 0.578 1.172 (0.454-3.024) 0.743 
OR is shown for tongue-type fractures compared with non-tongue-type fractures.  
Data are shown as Odds Ratio (OR) with (95% Confidence Interval (CI)) and analyzed using a multivariable 
logistic regression model. Outcomes are corrected for all relevant covariates with p<0.200 after univariate 
analysis (shown in supplemental tables 2-12). 
A. Corrected for Böhler’s angle at trauma, smoking, psychiatric disorder. 
B. Corrected for BMI, Delay to Emergency Department, Böhler’s angle at trauma, Hospital length of stay, ASA 
class, smoking, open or closed fractures, soft tissue injury at trauma, Diabetes Mellitus, additional injury, 
operative or non-operative treatment. 
C. Corrected for BMI, Böhler’s angle at trauma, Hospital length of stay, smoking, open or closed fractures, 
operative or non-operative treatment. 
D. Corrected for Age, BMI, smoking, open or closed fractures, comorbidities, medication, soft tissue injury at 
trauma, operative or non-operative treatment. 
E. Corrected for Böhler’s angle at trauma, Hospital length of stay, smoking, open or closed fractures, operative 
or non-operative treatment. 
F. Corrected for Hospital length of stay, smoking, operative or non-operative treatment. 
G. Corrected for Delay to Emergency Department, Böhler’s angle at trauma, Hospital length of stay, smoking, 
trauma mechanism, unilateral or bilateral fractures, additional injury, operative or non- operative treat-
ment. 
H. Corrected for Hospital length of stay, ASA class, smoking, open or closed fractures, soft tissue injury at 
trauma, time to surgery, operative or non-operative treatment. 
I. Corrected for BMI, Böhler’s angle at trauma, Hospital length of stay, smoking, trauma mechanism, open or 
closed fractures, soft tissue injury at trauma, operative or non-operative treatment. 
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Complications and late interventions  
As secondary objectives the rate of other complications and late interventions in pa-
tients with a tongue-type versus non-tongue-type calcaneal fracture was examined. In 
total 59.2% of the patients developed a complication. In patients with a tongue-type 
fracture significantly higher rates of overall complications (64.7% versus 54.3%, p = 
0.009), deep infections (17.3% versus 11.0%, p = 0.028), and full thickness lesions (6.1% 
versus 1.8%, p = 0.006) occurred. 
Patients with a tongue-type fracture had an 1.5 to 3.6 fold higher odds of developing 
any complication, posterior soft tissue compromise, deep infection, and full thickness 
lesion. In a subgroup of operatively treated patients, patients with a tongue-type frac-
ture had a 1.7 to 3.2 fold higher odds to develop any complication, deep infection, and 
full thickness lesion. No significant difference between fracture types were found in 
non-operated patients. A multivariable analysis (Table 1) showed a 1.8 to 3.0 fold higher 
odds for patients with tongue-type fractures of developing any complication or full 
thickness lesion, but no significant higher risk of deep infection. 
Although the total rate of late interventions did not differ between the two groups, 
significantly more amputations (2.4% versus 0.3%, p = 0.028), more debridements 
(14.9% versus 7.1%, p = 0.002), more treatment with intravenous antibiotics (15.3% 
versus 7.7%, p = 0.003), and more soft tissue coverage procedures (12.2% versus 5.3%, 
p = 0.003) were performed in patients with a tongue-type fracture.  
Timing of surgery in patients with tongue-type calcaneal fractures 
Next, the association between time to surgery and rate of (soft tissue) complications in 
patients with tongue-type DIACFs was investigated. Patients were stratified in four 
groups; operated between 0-2 days, 3-7 days, 8-14 days, and ≥ 15 days. The surgical 
delay differed significantly in patients who developed infections (p=0.009), deep infec-
tions (p=0.034), full thickness lesions (p=0.002), and non-union (p=0.016; Supplemental 
Tables 6, 8, 9, and 12).  
Any complication (ORsurgery 2.312; 95% CI 1.236-4.324) or infection (OR 4.197; 95% CI 
1.446-12.073) occurred more often in operatively treated patients than non-operatively 
treated patients (Figure 2). Patients who underwent (and most likely needed, because 
of their soft tissue conditions) surgery within two days after trauma (t=0-2d) had a 
higher odds to develop any complication (OR 3.548; 95% CI 1.176-10.711) or infection 
(OR 2.920; 95% CI 1.095-7.787), in particular superficial infections (OR 4.144; 95% CI 
1.230-13.763) than surgery between 3-7 days after trauma. The other outcomes 
seemed unrelated to surgical timing. 
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Figure 2. Odds Ratios (OR) for patients with a tongue-type DIACF. The ‘time to surgery’ categories (t=0-2, t=8-
14, and t ≥ 15 days) are shown with 3-7 days as reference. OR are shown with a 95% Confidence Interval. The 
dotted red line represents OR=1. Complication is the overall complication risk, and is subdivided in infection, 
partial and full thickness laesions, necrosis and nonunion. Infection in turn is subdivided in superficial and 
deep infections. ORsurgery, OR for operated patients; *, significance. 
DISCUSSION 
This study shows that posterior skin and soft tissue compromise at hospital presenta-
tion occurred in 20.3% of the patients with a tongue-type fracture versus 12.8% in pa-
tients with a non-tongue-type fracture. This result is in line with the findings of Gardner 
et al., who studied solely tongue-type calcaneal fractures and found posterior skin com-
promise in 20.9% (29 of total 139) of the tongue-type fractures at hospital presentation 
(2). Although posterior skin and soft tissue compromise occurred nearly twice as often 
in patients with a tongue-type fracture than in patients with a non-tongue-type frac-
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ture, this statistically significant difference disappeared after correction for confound-
ers. Nevertheless, our findings and the current literature should alert clinicians about 
the potential pathomechanism of the specific fracture displacement in tongue-type 
calcaneal fractures (2, 7, 11, 12), to prevent soft tissue damage and the disastrous se-
quelae (13). Awareness of orthopaedic trauma surgeons about these risks should guide 
treatment decision (e.g., urgent fracture reduction and frequent monitoring of soft 
tissue conditions) to improve patient’ outcomes and reduce complications.  
The results of this study furthermore demonstrated an increased risk of developing 
overall complications, deep infections, and full thickness lesions in patients with a 
tongue-type DIACF compared with patients with a non-tongue-type fracture. To our 
knowledge, no other studies did investigate these specific outcomes in tongue-type 
fractures.  
Patients with a tongue-type fracture were significantly more often polytrauma pa-
tients (47.6% versus 38.9%). This might be caused by the higher rate of high energy 
trauma (falls from height) in the tongue-type group. Whether this in turn is due to the 
significant higher rate of psychiatric disorders in this group was not investigated in this 
study. Gardner et al. found 54% additional injuries in patients with tongue-type frac-
tures (2), which is in line with our findings. 
The question whether earlier surgery of (tongue-type) calcaneal fractures would re-
duce the rate of complications could not be answered based on the current data. Based 
on, among others, patients numbers, the earliest group was chosen as surgery within 
two days. Since ischemia by then will often already progressed into necrosis, the opti-
mal time window for immediate surgery should be (much) shorter.. In this study, very 
few patients (N=20) underwent surgery at the day of trauma. Data suggests that these 
patients were selected for immediate surgery based on their overall worse clinical con-
ditions or injury severity at hospital presentation. These 20 patients had a higher rate of 
comorbidities (62.5% versus 39.8%), High Energy Trauma (100% versus 61.0%), addi-
tional injuries (72.2% versus 41.2%), open fractures (55.0% versus 4.4%), and posterior 
compromise (25.0% versus 9.9%). The Böhler’s angle was more flattened (-5.5° (P50-
P75 -38.3 – 18.5) versus 8.0° (P50-P75 -4.0 – 17.0)), In addition to a poorer clinical con-
dition, these patients also had poorer outcome as shown by higher rates of any compli-
cation (85.0% versus 61.3%), infection (35.0% versus 23.9%), necrosis (20.0% versus 
5.8%), and revision surgery (80.0% versus 51.5%), and consequently a prolonged hospi-
tal length of stay was longer (23 days (P50-P75 7 – 54) versus 7 days (P50-P75 5-15)). 
Without prospective data, no conclusion can be drawn regarding the need for immedi-
ate surgery of tongue-type fractures. 
One of the limitations associated with the retrospective design of this study is the 
data completeness in medical files. In daily practice, the post-traumatic skin condition is 
often not noted in medical files or noted without the exact location of a lesion. Without 
prospective outcome assessment, underreporting of soft tissue compromise cannot be 
excluded. Partly due to the lack of details about location of the soft tissue compromise, 
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the statistical power was insufficient to adequately answer the primary objective. With 
the current sample size the statistical power was 50.1%; an adequate power would 
require twice as many patients. As consecutive patients were included based on prede-
fined eligibility criteria, a representative population is investigated and selection bias is 
minimised. As with any retrospective study, (some) bias likely has occurred due to sur-
geon-specific criteria for surgery and timing of surgery, and due to incomplete reporting 
of data in the patients’ medical files. Strengths of this international retrospective cohort 
study are the large patient population with a relative rare traumatic injury, strong 
methodological design, and the relevant clinical topic for orthopaedic trauma surgeons. 
CONCLUSION 
Despite the fact that patients with a tongue-type fracture developed posterior skin and 
soft tissue compromise nearly twice as often, this significant difference disappeared 
after correction for confounders. Patients with tongue-type calcaneal fractures had an 
increased risk of developing local soft tissue complications compared with patients with 
a non-tongue-type fracture. This study could not prove that patients with tongue-type 
fractures require immediate surgery. 
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SUPPLEMENTAL MATERIAL  
Table 1: Demographic data for the study population, separated as tongue-type or non-tongue-type DIACF 
Variable Total group  Tongue-type  Non-tongue-type P 
 N   N   N    
Patient characteristics1 560   253   307    
Age (years) 558 44 (34-56) 252 42 (33-55) 302 46 (36-58) 0.006 
Male gender 560 424 (75.7%) 254 192 (75.9%) 307 232 (75.6%) 1.000A 
BMI 491 24.2 (21.6-27.4) 224 23.7 (21.4-27.1) 268 24.8 (21.6-27.5) 0.066 
ASA           
 ASA 1 493 274 (55.6%) 222 128 (57.7%) 271 146 (53.9%) 0.702B 
 ASA 2  192 (38.9%)  84 (37.8%)  108 (39.9%)  
 ASA 3  23 (4.7%)  9 (4.1%)  14 (5.2%)  
 ASA 4  4 (0.8%)  1 (0.5%)  3 (1.1%)  
Smoking           
 Current 477 250 (52.4%) 213 110 (51.6%) 264 140 (53.0%) 0.422 B 
 Previous   53 (11.1%)  20 (9.4%)  33 (12.5%)  
 Never  174 (36.5%)  83 (39.0%)  91 (34.5%)  
Alcohol  469 307 (65.5%) 211 137 (64.9%) 258 170 (65.9%) 0.846A 
Comorbidities           
 Diabetes Mellitus 535 25 (4.7%) 242 8 (3.3%) 293 17 (5.8%) 0.218A 
 Arterial insufficiency  13 (2.4%)  5 (2.1%)  8 (2.7%) 0.780A 
 Venous insufficiency  3 (0.6%)  3 (1.2%)  0 (0.0%) 0.093A 
 Psychiatric  79 (14.8%)  45 (18.6%)  34 (11.6%) 0.027A 
 Cardiac  52 (9.7%)  17 (7.0%)  35 (11.9%) 0.058A 
 Respiratory  24 (4.5%)  10 (4.1%)  14 (4.8%) 0.835A 
 Alcohol abuse   27 (5.0%)  14 (5.8%)  13 (4.4%) 0.553A 
 Narcotic abuse  54 (10.1%)  23 (9.5%)  31 (10.6%) 0.773A 
Medication 520 132 (25.4%) 234 58 (24.8%) 286 74 (25.9%) 0.840A 
 NSAID  11 (2.1%)  3 (1.3%)  8 (2.8%) 0.360A 
Injury characteristics1 560   253   307    
Trauma           
 HET, fall (height) 538 266 (49.4%) 244 130 (53.5%) 296 136 (46.1%) 0.261B 
 HET, traffic   41 (7.6%)  14 (5.8%)  27 (9.2%)  
 HET, other  18 (3.3%)  8 (3.3%)  10 (3.4%)  
 LET, stairs  93 (17.3%)  35 (14.4%)  58 (19.7%)  
 LET, fall (other)  106 (19.7%)  51 (21.0%)  55 (18.6%)  
 LET, other  14 (2.6%)  5 (2.1%)  9 (3.1%)  
Affected side           
 Unilateral 560 488 (87.1%) 253 204 (80.6%) 307 284 (92.5%) <0.001A 
 Bilateral  72 (12.9%)  49 (19.4%)  23 (7.5%)  
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Variable Total group  Tongue-type  Non-tongue-type P 
 N   N   N    
Additional injuries           
Polytrauma 558 239 (42.8%) 252 120 (47.6%) 306 119 (38.9%) 0.040A 
Additional injured regions           
 1 558 122 (21.9%) 252 55 (21.8%) 306 67 (21.9%) 0.124B 
 2  40 (7.2%)  20 (7.9%)  20 (6.5%)  
 ≥ 3  76 (13.6%)  45 (17.9%)  31 (10.1%)  
Injury characteristics2 632   295   337    
Affected side           
 Right 632 333 (52.7%)  155 (52.5%)  178 (52.8%) 1.000A 
Sanders classification IIA 584 128 (21.9%) 270 47 (17.4%) 314 81 (25.8%) 0.027B 
 IIB  163 (27.9%)  82 (30.4%)  81 (25.8%)  
 IIC  60 (10.3%)  36 (13.3%)  24 (7.6%)  
 IIIAB  98 (16.8%)  39 (14.4%)  59 (18.8%)  
 IIIAC  40 (6.8%)  23 (8.5%)  17 (5.4%)  
 IIIBC  31 (5.3%)  15 (5.6%)  16 (5.1%)  
 IV  64 (11.0%)  28 (10.4%)  36 (11.5%)  
Open fractures 632 37 (5.9%) 295 21 (7.1%) 337 16 (4.7%) 0.236A 
Gustilo & Anderson           
 1 25 10 (40.0%) 14 6 (42.9%) 11 4 (36.4%) 0.563A 
 2  4 (16.0%)  3 (21.4%)  1 (9.1%)  
 3  11 (44.0%)  5 (35.7%)  6 (54.5%)  
Treatment characteristics2 632   295   337    
Operative treatment 632 532 (84.2%) 295 247 (83.7%) 337 285 (84.6%) 0.827A 
Non-operative           
 Plaster cast 93 67 (72.0%) 44 35 (79.5%) 49 32 (65.3%) 0.062B 
 Pressure bandage  6 (6.5%)  4 (9.1%)  2 (4.1%)  
 Other  20 (21.5%)  5 (11.4%)  15 (30.6%)  
 Delayed treatment 560 277 (49.5%) 253 122 (48.2%) 307 155 (50.5%) 0.611A 
 Logistics 276 187 (67.8 %) 121 73 (60.3%) 155 114 (73.5%) 0.027B 
 Treatment other injury  61 (22.1%)  36 (29.8%)  25 (16.1%)  
 Other  24 (8.7%)  12 (9.9%)  2 (7.7%)  
 General condition  3 (1.1%)  0 (0.0%)  3 (1.9%)  
 Clinical deterioration  1 (0.4%)  0 (0.0%)  1 (0.6%)  
Continuous data are shown as median (P25-P75) and analyzed using a Mann-Whitney U-test. Categoric data are 
shown as N (%) and analyzed using a AFisher’s Exact test or BChi-squared test, as applicable. Data are ex-
pressed per patient1 or per fracture2. 
  
Chapter 7 
128 
Table 2: Covariates for the total study population separated as TT versus non-TT 
Variable Non-tongue-type Tongue-type P-value 
Gender (Male) 232 (75.6%) 192 (75.9%) 1.000A 
Age (years) 45 (36-57) 42 (32-54) 0.006 
BMI 24.8 (21.6-27.5) 23.7 (21.4-27.1) 0.066 
ASA     
 I 146 (53.9%) 128 (57.7) 0.702B 
 II 108 (39.9%) 84 (37.8%)  
 III 14 (5.2%) 9 (4.1%)  
 IV 3 (1.1%) 1 (0.5%)  
Smoking     
 Current 140 (53.0%) 110 (51.6%) 0.422B 
 Previous 33 (12.5%) 20 (9.4%)  
 Never 91 (34.5%) 83 (39.0%)  
Medication use 212 (74.1%) 176 (75.2%) 0.840 
Trauma mechanism   0.129A 
 LET 127 (39.1%) 94 (33.0%)  
 HET 198 (60.9%) 191 (67.0%)  
Time trauma to ED 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.260 
Böhler’s angle 9.0 (-3.0-18.0) 6.0 (-6.3-17.0) 0.022 
Side   0.000A 
 Unilateral 284 (92.5%) 204 (80.6%)  
 Bilateral 23 (7.5%) 49 (19.4%)  
Fracture   0.236A 
 Open 321 (95.3%) 274 (92.9%)  
 Closed 16 (4.7%) 21 (7.1%)  
Soft tissue compromise 86 (25.5%) 92 (31.2%) 0.132A 
 Posterior 26 (7.7%) 37 (12.5%) 0.047A 
Additional injury 119 (38.9%) 120 (47.6%) 0.040A 
Time trauma to surgery 11.0 (5.0-17.0) 10.0 (6.0-16.0) 0.363 
Hospital length of stay 7.0 (5.0-14.0) 8.0 (5.0-18.0) 0.167 
A, Fisher’s Exact Test; B, Pearson Chi-Square test. ED, Emergency Department. 
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Table 3: Covariates for operated patients separated as TT versus non-TT 
Variable Non-tongue-type Tongue-type P-value 
Gender (Male) 200 (75.5%) 163 (75.8%) 1.000A 
Age (years) 45 (36-57) 41 (32-53) 0.004 
BMI 24.8 (21.8-27.4) 23.7 (21.4-26.6) 0.068 
ASA    
 I 139 (55.2%) 124 (61.1%) 0.294B 
 II 98 (38.9%) 70 (34.5%)  
 III 12 (4.8%) 9 (4.4%)  
 IV 3 (1.2%) 0 (0.0%)  
Smoking    
 Current 125 (52.7%) 95 (50.3%) 0.751B 
 Previous 25 (10.5%) 18 (9.5%)  
 Never 87 (69.7%) 76 (40.2%)  
Medication use 60 (23.8%) 46 (22.5%) 0.824 
Trauma mechanism   0.172A 
 LET 112 (40.3%) 82 (34.3%)  
 HET 166 (59.7%) 157 (65.7%)  
Time trauma to ED 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.210 
Böhler’s angle 8.0 (-3-18.0) 6.0 (-8.0-15.0) 0.025 
Side   0.001A 
 Unilateral 246 (92.8%) 178 (82.8%)  
 Bilateral 19 (7.2%) 37 (17.2%)  
Fracture (Open/Closed)   0.480A 
 Open 16 (5.6%) 18 (7.3%)  
 Closed 269 (94.4%) 229 (92.7%)  
Soft tissue compromise 71 (24.9%) 82 (33.2%) 0.044 
 Posterior 23 (8.1%) 32 (13.0%) 0.086 
Additional injury 102 (38.5%) 100 (46.5%) 0.078 
Time trauma to surgery 11.0 (5.0-17.0) 10.0 (6.0-16.0) 0.363 
Hospital length of stay 7.0 (5.0-14.0) 7.5 (5.0-17.0) 0.304 
A, Fisher’s Exact Test; B, Pearson Chi-Square test. ED, Emergency Department. 
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Table 4: Covariates for the study population with versus without posterior compromise 
Variable No posterior 
compromise 
Posterior 
compromise 
P-value OR (95% CI) adjusted 
Gender (Male) 376 (74.9%) 48 (82.8%) 0.257A  
Age (years) 43 (33-56) 46 (37-56) 0.334  
BMI 24.5 (21.5-27.4) 23.6 (21.6-26.9) 0.803  
ASA     
 I 244 (55.7%) 30 (54.5%) 0.259B  
 II 168 (38.4%) 24 (43.6%)   
 III 23 (5.3%) 0 (0.0%)   
 IV 3 (0.7%) 1 (1.8%)   
Smoking     
 Current 224 (52.2%) 26 (54.2%) 0.874B 1.236 (0.649-2.355) 
 Previous 47 (11.0%) 6 (12.5%)  1.497 (0.550-4.076) 
 Never 158 (36.8%) 16 (33.3%)   
Comorbidities 278 (57.8%) 29 (53.7%) 0.565A  
 Diabetes Mellitus 24 (5.0%) 1 (1.9%) 0.498A  
 Psychiatric disorder 68 (14.1%) 11 (20.4%) 0.226A  
Medication use 117 (25.1%) 15 (28.3%) 0.619A  
Trauma mechanism   0.212A  
 LET 194 (35.4%) 27 (43.5%)   
 HET 354 (64.6%) 35 (56.5%)   
Time trauma to ED 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.962  
Böhler’s angle 8.0 (-5.0-18.0) 6.5 (-6.0-12.5) 0.132 0.997 (0.980-1.014) 
Side   1.000A  
 Unilateral 437 (87.1%) 51 (87.9%)   
 Bilateral 65 (12.9%) 7 (12.1%)   
Fracture (Open/Closed)   0.402A  
 Open 32 (5.6%) 5 (7.9%)   
 Closed 537 (94.4%) 58 (92.1%)   
Fracture type    0.047A 1.497 (0.831-2.696) 
 Non-tongue-type 311 (54.7%) 26 (41.3%)   
 Tongue-type 258 (45.3%) 37 (58.7%)   
Soft tissue compromise 115 (20.2%) 63 (100.0%) 0.000A  
Time trauma to surgery 11.0 (6.0-17.0) 8.0 (4.0-13.0) 0.008  
Hospital length of stay 7.0 (5.0-16.0) 8.0 (5.0-11.0) 0.655  
Univariate OR (95% CI) for tongue-type fractures: 1.715 (95% CI 1.012-2.909, p=0.045). 
A, Fisher’s Exact Test; B, Pearson Chi-Square test; OR, Odds Ratio. Significant p-values and OR are marked bold. 
The 95% CI spanning 1 means no significant difference. A univariate p-value < 0.200 was chosen as threshold 
for including covariates (relevant for the outcome) in the multivariate analysis. In the multivariate analysis 
Gardner’s angle was not included since the angle was only measured in tongue-type calcaneal fractures. 
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Table 5: Covariates for the study population with versus without complications 
Variable No Complications Complications P-value OR (95% CI) adjusted 
Gender (Male) 171 (77.0%) 253 (74.9%) 0.615A  
Age (years) 43 (34-57) 44 (34-56) 0.464  
BMI 23-8 (21.2-26.8) 24.7 (21.8-27.5) 0.067 1.074 (1.016-1.135) 
ASA      
 I 99 (52.9%) 175 (57.2%) 0.047B  
 II 71 (38.0%) 121 (39.5%)  1.166 (0.738-1.840) 
 III 15 (8.0%) 8 (2.6%)  0.097 (0.011-0.867) 
 IV 2 (1.1%) 2 (0.7%)   
Smoking     
 Current 105 (57.1%) 145 (49.5%) 0.268B 0.653 (0.411-1.036) 
 Previous 19 (10.3%) 34 (11.6%)  0.939 (0.431-2.046) 
 Never 60 (32.6%) 114 (38.9%)   
Comorbidities 87 (41.0%) 141 (43.7%) 0.592A  
 Diabetes Mellitus 14 (6.6%) 11 (3.4%) 0.096A 0.507 (0.180-1.424) 
Medication use 49 (24.0%) 83 (26.3%) 0.607A  
Trauma mechanism   0.347A  
 LET 95 (38.55) 126 (34.7%)   
 HET 152 (61.5%) 237 (65.3%)   
Time trauma to ED 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.014 0.947 (0.872-1.028) 
Böhler’s angle 0.0 (10.0-19.0) 6.0 (-7.0-16.0) 0.001 0.984 (0.970-0.997) 
Side   0.439A  
 Unilateral 197 (88.7%) 291 (86.1%)   
 Bilateral 25 (11.3%) 47 (13.9%)   
Fracture (Open/Closed)   0.000A 3.010 (0.631-14.362) 
 Open 3 (1.2%) 34 (9.1%)   
 Closed 255 (98.8%) 340 (90.9%)   
Fracture type    0.009A 1.813 (1.178-2.791) 
 Non-tongue-type 154 (59.7%) 183 (48.9%)   
 Tongue-type 104 (40.3%) 191 (51.1%)   
Soft tissue compromise 56 (21.7%) 122 (32.6%) 0.003A 1.777 (1.087-2.905) 
 Posterior 23 (8.9%) 40 (10.7%) 0.501A  
Additional injury 86 (38.9%) 153 (45.4%) 0.138A 0.950 (0.586-1.540) 
Surgery 206 (79.8%) 326 (87.2%) 0.015A 1.646 (0.783-3.461) 
Time trauma to surgery 10.0 (5.0-16.0) 11.0 (6.0-16.0) 0.527  
Delay to surgery   0.080B  
0-2 days 22 (10.8%) 42 (13.1%)   
3-7 days 57 (28.1%) 59 (18.4%)   
8-14 days 62 (30.5%) 110 (34.4%)   
>15 days 62 (30.5%) 109 (34.1%)   
Hospital length of stay 7.0 (4.0-14.0) 8.0 (5.0-18.0) 0.013 1.012 (0.996-1.028) 
Univariate OR (95% CI) for tongue-type fractures: 1.546 (95% CI 1.121-2.130, p=0.008). 
A, Fisher’s Exact Test; B, Pearson Chi-Square test.  
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Table 6: Covariates for the study population with versus without infections 
Variable No Infection Infection P-value OR (95% CI) adjusted 
Gender (Male) 329 (75.6%) 95 (76.0%) 1.000A  
Age (years) 44 (34-56) 45 (33-56) 0.976  
BMI 24.1 (21.4-26.9) 25.0 (22.0-28.7) 0.072 1.109 (1.047-1.174) 
ASA     
 I 209 (56.0%) 65 (54.2) 0.293B  
 II 140 (37.5%) 52 (43.3%)   
 III 20 (5.4%) 3 (2.5%)   
 IV 4 (1.1%) 0 (0.0%)   
Smoking     
 Current 194 (53.3%) 56 (49.6%) 0.780B 1.124 (0.682-1.853) 
 Previous 40 (11.0%) 13 (11.5%)  1.289 (0.579-2.870) 
 Never 130 (35.7%) 44 (38.9%)   
Comorbidities 173 (42.1%) 55 (44.4%) 0.679A  
 Diabetes Mellitus 20 (4.9%) 5 (4.0%) 0.812A  
Medication use 98 (24.4%) 34 (28.6%) 0.401A  
Trauma mechanism   1.000A  
 LET 174 (36.3%) 47 (35.9%)   
 HET 305 (63.7%) 84 (64.1%)   
Time trauma to ED 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.915  
Böhler’s angle 9.0(-4.0-18.0) 7.0 (-10.0-17.0) 0.028 0.989 (0.976-1.003) 
Side   0.547A  
 Unilateral 381 (87.6%) 107 (85.6%)   
 Bilateral 54 (12.4%) 18 (14.4%)   
Fracture (Open/Closed)   0.003A 2.233 (0.874-5.704) 
 Open 21 (4.2%) 16 (11.7%)   
 Closed 474 (95.8%) 121 (88.3%)   
Fracture type    0.123A 1.728 (1.082-2.761) 
 Non-tongue-type 272 (54.9%) 65 (47.4%)   
 Tongue-type 223 (45.1%) 72 (52.6%)   
Soft tissue compromise 133 (26.9%) 45 (32.8%) 0.198A  
 Posterior 50 (10.1%) 13 (9.5%) 1.000A  
Additional injury 183 (42.3%) 56 (44.8%) 0.682A  
Surgery 404 (81.6%) 128 (93.4%) 0.001A 2.491 (0.965-6.431) 
Time trauma to surgery 9.0 (5.5-15.0) 13.0 (5.8-17.3) 0.044  
Delay to surgery   0.009B  
0-2 days 47 (11.9%) 17 (13.4%)   
3-7 days 95 (24.0%) 21 (16.5%)   
8-14 days 139 (35.1%) 33 (26.0%)   
>15 days 115 (29.0%) 56 (44.1%)   
Hospital length of stay 7.0 (5.0-15.0) 8.0 (5.0-20.0) 0.034 1.003 (0.990-1.016) 
Complication 237 (47.9%) 137 (100.0%) 0.000A  
 Partial thickness 27 (5.5%) 22 (16.1%) 0.000A  
 Full thickness 8 (1.6%) 16 (11.7%) 0.000A  
 Necrosis 19 (3.8%) 21 (15.3%) 0.000A  
Univariate OR (95% CI) for tongue-type fractures: 1.351 (95% CI 0.925-1.974, p=0.120). 
A, Fisher’s Exact Test; B, Pearson Chi-Square test  
7Soft tissue complications in patients with a tongue-type calcaneal fracture 
133 
Table 7: Covariates for the study population with versus without superficial infections 
Variable No Superficial Infection Superficial Infection P-value OR (95% CI) adjusted 
Gender (Male) 369 (75.8%) 55 (75.3%) 1.000A  
Age (years) 43 (33-55) 47 (36-57) 0.178 1.003 (0.982-1.024) 
BMI 24.2 (21.5-26.9) 25.2 (22.0-28.7) 0.073 1.102 (1.031-1.178) 
ASA     
 I 236 (55.9) 38 (53.5%) 0.331B  
 II 160 (37.9%) 32 (45.1%)   
 III 22 (5.2%) 1 (1.4%)   
 IV 4 (0.9%) 0 (0.0%)   
Smoking      
 Current 220 (53.9%) 30 (43.5%) 0.254B 0.809 (0.447-1.465) 
 Previous 43 (10.5%) 10 (14.5%)  1.074 (0.449-2.571) 
 Never 145 (35.5%) 29 (42.0%)   
Comorbidities 191 (41.3%) 37 (50.7%) 0.161A 1.318 (0.629-2.765) 
 Diabetes Mellitus 21 (4.5%) 4 (5.5%) 0.764A  
Medication use 107 (23.8%) 25 (35.2%) 0.055A 1.708 (0.779-3.744) 
Trauma mechanism   1.000A  
 LET 195 (36.3%) 26 (35.6%)   
 HET 342 (63.7%) 47 (64.4%)   
Time trauma to ED 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.421  
Böhler’s angle 8.0 (-5.0-18.0) 7.0 (-8-17.0) 0.433  
Side   0.710A  
 Unilateral 423 (86.9%) 65 (89.0%)   
 Bilateral 64 (13.1%) 8 (11.0%)   
Fracture (Open/Closed)   0.113A 2.011 (0.732-5.529) 
 Open 29 (5.2%) 8 (10.4%)   
 Closed 526 (94.8%) 69 (89.6%)   
Fracture type    1.000A 1.209 (0.700-2.088) 
 Non-tongue-type 296 (53.3%) 41 (53.2%)   
 Tongue-type 259 (46.7%) 36 (46.8%)   
Soft tissue compromise 148 (26.7%) 30 (39.0%) 0.030A 1.606 (0.896-2.878) 
 Posterior 56 (10.1%) 7 (9.1%) 1.000A  
Additional injury 207 (42.7%) 32 (43.8%) 0.899A  
Surgery 462 (83.2%) 70 (90.9%) 0.096A 1.511 (0.573-3.987) 
Time trauma to surgery 10.0 (6.0-16.0) 13.0 (5.0-18.0) 0.151  
Delay to surgery   0.121B  
0-2 days 53 (11.7%) 11 (15.9%)   
3-7 days 106 (23.3%) 10 (14.5%)   
8-14 days 153 (33.7%) 19 (27.5%)   
>15 days 142 (31.3%) 29 (42.0%)   
Hospital length of stay 8.0 (5.0-15.0) 7.0 (5.0-17.3) 0.959  
Complication 297 (53.3%) 77 (100.0) 0.000A  
 Partial thickness 40 (7.2%) 9 (11.7%) 0.173A  
 Full thickness 16 (2.9%) 8 (10.4%) 0.005A  
 Necrosis 29 (5.2%) 11 (14.3%) 0.005A  
Univariate OR (95% CI) for tongue-type fractures: 1.003 (95% CI 0.622-1.618, p=0.989). 
A, Fisher’s Exact Test; B, Pearson Chi-Square test  
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Table 8: Covariates for the study population with versus without deep infections 
Variable No Deep Infection Deep Infection P-value OR (95% CI) adjusted 
Gender (Male) 367 (76.0%) 57 (74.0%) 0.775A  
Age (years) 44 (34-56) 44 (32-54) 0.503  
BMI 24.2 (21.4-27.0) 24.7 (22.1-28.9) 0.181  
ASA     
 I 237 (56.6%) 37 (50.0%) 0.324B  
 II 157 (37.5%) 35 (47.3%)   
 III 21 (5.0%) 2 (2.7%)   
 IV 4 (1.0%) 0 (0.0%)   
Smoking     
 Current 211 (51.3%) 39 (59.1%) 0.499B 1.392 (0.784-2.471) 
 Previous 47 (11.4%) 6 (9.1%)  0.996 (0.350-2.838) 
 Never 153 (37.2%) 21 (31.8%)   
Comorbidities 197 (42.9%) 31 (40.8%) 0.803A  
 Diabetes Mellitus 21 (4.6%) 4 (5.3%) 0.769A  
Medication use 113 (25.2%) 19 (26.4%) 0.884A  
Trauma mechanism   0.715A  
 LET 189 (35.9%) 32 (38.1%)   
 HET 337 (64.1%) 52 (61.9%)   
Time trauma to ED 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.283  
Böhler’s angle 9.0 (-4-18.0) 5.0 (-14.0-15.5) 0.023 0.993 (0.978-1.008) 
Side   0.143A  
 Unilateral 425 (88.0%) 63 (81.8%)   
 Bilateral 58 (12.0%) 14 (18.2%)   
Fracture (Open/Closed)   0.011A 2.504 (1.001-6.262) 
 Open 26 (4.8%) 11 (12.5%)   
 Closed 518 (95.2%) 77 (87.5%)   
Fracture type    0.028A 1.619 (0.948-2.767) 
 Non-tongue-type 300 (55.1%) 37 (42.0%)   
 Tongue-type 244 (44.9%) 51 (58.0%)   
Soft tissue compromise 150 (27.6%) 28 (31.8%) 0.444A  
 Posterior 52 (9.6%) 11 (12.5%) 0.441A  
Additional injury 206 (42.8%) 33 (42.9%) 1.000A  
Surgery 452 (83.1%) 80 (90.9%) 0.082A 1.544 (0.626-3.807) 
Time trauma to surgery 10.0 (6.0-16.0) 12.5 (5.5-17.0) 0.210  
Delay to surgery   0.034B  
0-2 days 54 (12.2%) 10 (12.5%)   
3-7 days 102 (23.0%) 14 (17.5%)   
8-14 days 153 (34.5%) 19 (23.8%)   
>15 days 134 (30.2%) 37 (46.2%)   
Hospital length of stay 7.0 (5.0-15.0) 9.5 (6.0-21.0) 0.006 1.010 (0.997-1.024) 
Complication 286 (52.6%) 88 (100.0%) 0.000A  
 Partial thickness 31 (5.7%) 18 (20.5%) 0.000A  
 Full thickness 9 (1.7%) 15 (17.0%) 0.000A  
 Necrosis 21 (3.9%) 19 (21.6%) 0.000A  
Univariate OR (95% CI) for tongue-type fractures: 1.695 (95% CI 1.074 – 2.673 , p=0.023). 
A, Fisher’s Exact Test; B, Pearson Chi-Square test  
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Table 9: Covariates for the study population with versus without full thickness lesion 
Variable No Full thickness lesion Full thickness lesion P-value OR (95% CI) adjusted 
Gender (Male) 409 (75.7%) 15 (75.0%) 1.000A  
Age (years) 44 (34-56) 43 (31-54) 0.440  
BMI 24.2 (21.5-27.2) 26 (22-28) 0.146  
ASA     
 I 266 (56.2%) 8 (40.0%) 0.482B  
 II 181 (38.3%) 11 (55.0%)   
 III 22 (4.7%) 1 (5.0%)   
 IV 4 (0.8%) 0 (0.0%)   
Smoking     
 Current 243 (52.6%) 7 (46.7%) 0.896B 1.019 (0.373-2.786) 
 Previous 51 (11.0%) 2 (13.3%)  1.316 (0.257-6.751) 
 Never 168 (36.4%) 6 (40.0%)   
Comorbidities 218 (42.3%) 10 (50.0%) 1.000A  
 Diabetes Mellitus 24 (4.7%) 1 (5.0%)   
Medication use 126 (25.2%) 6 (30.0%) 0.606A  
Trauma mechanism   0.185A  
 LET 216 (36.8%) 5 (21.7%)   
 HET 371 (63.2%) 18 (78.3%)   
Time trauma to ED 0.0 (0.0-0.0) 0 (0-0) 0.477  
Böhler’s angle 8.0 (-5.0-18.0) 9.0 (-25.0-20.0) 0.580  
Side   0.733A  
 Unilateral 471 (87.2%) 17 (85.0%)   
 Bilateral 69 (12.8%) 3 (15.0%)   
Fracture (Open/Closed)   0.000A  
 Open 25 (4.1%) 12 (50.0%)   
 Closed 583 (95.9%) 12 (50.0%)   
Fracture type    0.006A 3.043 (1.063-8.714) 
 Non-tongue-type 331 (54.4%) 6 (25.0%)   
 Tongue-type 277 (45.6%) 18 (75.0%)   
Soft tissue compromise 162 (26.6%) 16 (66.7%) 0.000A  
 Posterior 59 (9.7%) 4 (16.7%) 0.286A  
Additional injury 228 (42.4%) 11 (55.0%) 0.358A  
Surgery 510 (83.9%) 22 (91.7%) 0.403A 1.197 (0.265-5.399) 
Time trauma to surgery 10.5 (6.0-16.0) 5.0 (0.0-17.0) 0.022  
Delay to surgery   0.002B  
0-2 days 56 (11.2%) 8 (36.4%)   
3-7 days 112 (22.4%) 4 (18.2%)   
8-14 days 170 (33.9%) 2 (9.1%)   
>15 days 163 (32.5%) 8 (36.4%)   
Hospital length of stay 7.0 (5.0-15.0) 15.0 (7.0-54.8) 0.002 1.020 (1.002-1.037) 
Complication 350 (57.6%) 24 (100.0%) 0.000A  
 Infection 121 (19.9%) 16 (66.7%) 0.000A  
 Sup. infection 69 (11.3%) 8 (33.3%) 0.005A  
 Deep infection 73 (12.0%) 15 (62.5%) 0.000A  
 Necrosis 28 (4.6%) 12 (50.0%) 0.000A  
Univariate OR (95% CI) for tongue-type fractures: 3.585 (95% CI 1.404-9.155, p = 0.008). 
A, Fisher’s Exact Test; B, Pearson Chi-Square test  
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Table 10: Covariates for the study population with versus without partial thickness lesion 
Variable No Partial thickness lesion Partial thickness lesion P-value OR (95% CI) adjusted 
Gender (Male) 391 (75.3%) 33 (80.5%) 0.572A  
Age (years) 44 (34-56) 43 (34-57) 0.850  
BMI 24 (21-27) 25.1 (22.6-27.2) 0.439  
ASA     
 I 255 (56.2%) 19 (48.7%) 0.529A  
 II 175 (38.5%) 17 (43.6%)   
 III 21 (4.6%) 2 (5.1%)   
 IV 3 (0.7%) 1 (2.6%)   
Smoking     
 Current 226 (51.2%) 24 (66.7%) 0.087B 1.822 (0.790-4.205) 
 Previous 48 (10.9%) 5 (13.9%)  1.041 (0.211-5.143) 
 Never 167 (37.9%) 7 (19.4%)   
Comorbidities 207 (41.8%) 21 (52.5%) 0.244A  
 Diabetes Mellitus 25 (5.1%) 0 (0.0%) 0.244A  
Medication use 118 (24.5%) 14 (35.9%) 0.127A  
Trauma mechanism   0.049A 0.666 (0.260-1.705) 
 LET 209 (37.3%) 12 (24.5%)   
 HET 352 (62.7%) 37 (75.5%)   
Time trauma to ED 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.096 0.552 (0.131-2.327) 
Böhler’s angle 8.5 (-4-18.0) -5.0(-18.0-11.0) 0.001 0.983 (0.964-1.002) 
Side   0.029A 1.269 (0.534-3.016) 
 Unilateral 457 (88.1%) 31 (75.6%)   
 Bilateral 62 (11.9%) 10 (24.4%)   
Fracture (Open/Closed)   0.018A  
 Open 30 (5.1%) 7 (14.3%)   
 Closed 553 (94.9%) 42 (85.7%)   
Fracture type    0.553A 0.702 (0.329-1.498) 
 Non-tongue-type 313 (53.7%) 24 (49.0%)   
 Tongue-type 270 (46.3%) 25 (51.0%)   
Soft tissue compromise 158 (27.1%) 20 (40.8%) 0.047A  
 Posterior 59 (10.1%) 4 (8.2%) 0.807A  
Additional injury 215 (41.6%) 24 (58.5%) 0.048A 1.618 (0.664-3.944) 
Surgery 488 (83.7%) 44 (89.8%) 0.313A 1.605 (0.449-5.741) 
Time trauma to surgery 10.0 (6.0-16.0) 13.0 (5.8-18.0) 0.336  
Delay to surgery   0.149A  
0-2 days 57 (11.9%) 7 (16.3%)   
3-7 days 112 (23.3%) 4 (9.3%)   
8-14 days 158 (32.9%) 14 (32.6%)   
>15 days 153 (31.9%) 18 (41.9%)   
Hospital length of stay 7.0 (5.0-15.0) 13.0 (8.0-31.0) 0.001 1.022 (1.004-1.040) 
Complication 325 (55.7%) 49 (100.0%) 0.000A  
 Infection 115 (19.7%) 22 (44.9%) 0.000A  
 Sup. infection 68 (11.7%) 9 (18.4%) 0.173A  
 Deep infection 70 (12.0%) 18 (36.7%) 0.000A  
 Necrosis 27 (4.6%) 13 (26.5%) 0.000A  
Univariate OR (95% CI) for tongue-type fractures: 1.208 (95% CI 0.674-2.164, p = 0.526) 
A, Fisher’s Exact Test; B, Pearson Chi-Square test  
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Table 11: Covariates for the study population with versus without necrosis 
Variable No Necrosis Necrosis P-value OR (95% CI) adjusted 
Gender (Male) 395 (75.4%) 29 (80.6%) 0.553A  
Age (years) 44 (33-56) 46 (37-58) 0.463  
BMI 24 (21-27) 25 (20-28) 0.851  
ASA     
 I 258 (56.2%) 16 (47.1%) 0.147B  
 II 175 (38.1%) 17 (50.0%)  1.303 (0.613-2.768) 
 III 23 (5.0%) 0 (0.0%)  N.D. 
 IV 3 (0.7%) 1 (2.9%)   
Smoking     
 Current 235 (52.7%) 15 (48.4%) 0.650B 1.766 (0.625-4.984) 
 Previous 48 (10.8%) 5 (16.1%)  0.795 (0.344-1.837) 
 Never 163 (36.3%) 11 (35.5%)   
Comorbidities 216 (42.9%) 12 (37.5%) 0.585A  
 Diabetes Mellitus 24 (4.8%) 1 (3.1%) 1.000A  
Medication use 124 (25.4%) 8 (25.0%) 1.000A  
Trauma mechanism   1.000A  
 LET 207 (36.3%) 14 (35.9%)   
 HET 364 (63.7%) 26 (64.1%)   
Time trauma to ED 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.371  
Böhler’s angle 8.0 (-5-17.8) 9.0 (-10.0-20.0) 0.962  
Side   0.798A  
 Unilateral 457 (87.2%) 31 (86.1%)   
 Bilateral 67 (12.8%) 5 (13.9%)   
Fracture (Open/Closed)   0.000A 2.693 (0.874-8.302) 
 Open 27 (4.6%) 10 (25.0%)   
 Closed 565 (95.4%) 30 (75.0%)   
Fracture type    0.101A 1.244 (0.590-2.621) 
 Non-tongue-type 321 (54.2%) 16 (40.0%)   
 Tongue-type 271 (45.8%) 24 (60.0%)   
Soft tissue compromise 156 (26.4%) 22 (55.0%) 0.000A 3.174 (1.411-6.995) 
 Posterior 55 (9.3%) 8 (20.0%) 0.049A  
Additional injury 222 (42.5%) 19 (52.8%) 0.605A  
Surgery 498 (84.1%) 34 (85.0%) 1.000A 0.545 (0.183-1.623) 
Time trauma to surgery 10.0 (6.0-16.0) 9.0 (2.8-18.0) 0.362  
Delay to surgery   0.223B  
0-2 days 57 (11.6%) 7 (21.2%)   
3-7 days 111 (22.7%) 5 (15.2%)   
8-14 days 164 (33.5%) 8 (24.2%)   
>15 days 158 (32.2%) 13 (39.4%)   
Hospital length of stay 7.0 (5.0-15.0) 12.0 (6.0-21.0) 0.041 1.010 (0.991-1.029) 
Complication 334 (56.4%) 40 (100.0%) 0.000A  
 Infection 116 (19.6%) 21 (52.5%) 0.000A  
 Sup. infection 66 (11.1%) 11 (27.5%) 0.005A  
 Deep infection 59 (11.7%) 19 (47.5%) 0.000A  
 Partial thickness 36 (6.1%) 13 (32.5%) 0.000A  
 Full thickness 12 (2.0%) 12 (30.0%) 0.000A  
Univariate OR (95% CI) for tongue-type fractures: 1.777 (95% CI 0.925-3.413, p=0.084) 
A, Fisher’s Exact Test; B, Pearson Chi-Square test  
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Table 12: Covariates for the study population with versus without non-union 
Variable No Non-union Non-union P-value OR (95% CI) adjusted 
Gender (Male) 130 (24.3%) 6 (25.0%) 1.000A  
Age (years) 44 (34-56) 48 (35-57) 0.716  
BMI 24.2 (21.5-27.2) 25.4 (23.0-30.8) 0.034 1.191 (1.077-1.317) 
ASA     
 I 265 (56.3%) 9 (40.9%) 0.208A  
 II 179 (38.0%) 13 (59.1%)   
 III 23 (4.9%) 0 (0.0%)   
 IV 4 (0.8%) 0 (0.0%)   
Smoking     
 Current 241 (52.9%) 9 (52.9%) 0.554B 0.201 (0.019-2.174) 
 Previous 51 (11.2%) 2 (9.5%)  1.162 (0.439-3.072) 
 Never 164 (36.0%) 10 (47.6%)   
Comorbidities 215 (42.0%) 13 (56.5%) 0.198A  
 Diabetes Mellitus 25 (4.9%) 0 (0.0%) 0.617A  
Medication use 124 (24.9%) 8 (34.8%) 0.327A  
Trauma mechanism   0.064A 1.365 (0.440-4.235) 
 LET 216 (37.0%) 5 (18.5%)   
 HET 367 (63.0%) 22 (81.5%)   
Time trauma to ED 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.372  
Böhler’s angle 8.0 (-5.0-18.0) 2.0 (-20.0-13.0) 0.042 0.980 (0.956-1.004) 
Side   0.534A  
 Unilateral 468 (87.3%) 20 (83.3%)   
 Bilateral 68 (12.7%) 4 (16.7%)   
Fracture (Open/Closed)   0.005A 2.489 (0.540-11.473) 
 Open 31 (5.1%) 6 (20.7%)   
 Closed 572 (94.9%) 23 (79.3%)   
Fracture type    0.704A 1.172 (0.454-3.024) 
 Non-tongue-type 323 (53.6%) 14 (48.3%)   
 Tongue-type 280 (46.4%) 15 (51.7%)   
Soft tissue compromise 166 (27.5%) 12 (41.4%) 0.137A 2.127 (0.759-5.962) 
 Posterior 60 (10.0%) 3 (10.3%) 1.000A  
Additional injury 226 (42.2%) 13 (56.5%) 0.200A  
Surgery 512 (84.9%) 20 (69.0%) 0.033A 0.158 (0.053-0.472) 
Time trauma to surgery 10.0 (6.0-16.0) 6.5 (0.8-14.3) 0.070  
Delay to surgery   0.016B  
0-2 days 57 (11.3%) 7 (35.0%)   
3-7 days 113 (22.5%) 3 (15.0%)   
8-14 days 168 (33.4%) 4 (20.0%)   
>15 days 165 (32.8%) 6 (30.0%)   
Hospital length of stay 7.0 (5.0-15.0) 9.0 (6.0-34.0) 0.081 1.017 (0.997-1.038) 
Complication 345 (57.2%) 29 (100.0%) 0.000A  
 Infection 124 (20.6%) 13 (44.8%) 0.004A  
 Sup. infection 69 (11.4%) 8 (27.6%) 0.017A  
 Deep infection 78 (12.9%) 10 (34.5%) 0.003A  
 Partial thickness 45 (7.5%) 4 (13.8%) 0.271A  
 Full thickness 22 (3.6%) 2 (6.9%) 0.303A  
Univariate OR (95% CI) for tongue-type fractures: 1.236 (95% CI 0.586-2.605, p=0.578) 
A, Fisher’s Exact Test; B, Pearson Chi-Square test  
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ABSTRACT  
Background: Post-operative weightbearing guidelines for displaced intra-articular calca-
neal fractures (DIACF) have been pragmatically developed in the past, however hardly 
adapted to current health care insights. A period of six to nine weeks of non-
weightbearing is usually recommended. It is unknown whether an earlier start of 
weightbearing is advisable.  
Objectives: The primary aim was to evaluate the effect of time to post-operative 
weightbearing on Böhler’s angle. Secondary aims were to determine the effect on func-
tional outcome (e.g., The American Orthopedic Foot and Ankle Society Scale), post-
operative pain score, complications (e.g., infections, nonunion, implant removal), and 
revision surgeries. Finally, the effect of bone void filling on these outcomes was investi-
gated. 
Data source: A literature search was performed on January 24, 2017 in the Cochrane 
Library, Medline Ovid, Embase, Web of Science, Google Scholar, and CINAHL. 
Literature selection: Studies reporting on operatively treated patients with a DIACF and 
time to weightbearing were eligible for inclusion. Studies were excluded when not re-
porting primary data, solely reporting on open fractures, bilateral fractures, or poly-
trauma patients. Based upon the time to starting partial weightbearing, patient cohorts 
were stratified into very early (0-4 weeks), early (4-6 weeks), intermediate (6-8 weeks), 
or late (8-12 weeks) start of partial weightbearing. 
Data extraction: Two investigators extracted data independently using a predefined data 
sheet. 
Results: After applying exclusion criteria, 72 studies remained eligible for analysis. Böh-
ler’s and Gissane’s angles, calcaneal height, AOFAS, pain scores, and complications had 
overlapping confidence intervals in all weightbearing groups. 
Conclusion: The adverse sequelae which are assumed to be associated with starting 
partial weightbearing already within six weeks after internal fixation of calcaneal frac-
tures, is not supported by literature data. This systematic review suggests that early 
weightbearing does not result in impaired outcomes compared with more conservative 
weightbearing regimes. 
  
8Post-operative weightbearing 
143 
INTRODUCTION  
After fracture reduction of displaced intra-articular calcaneal fractures (DIACFs), it is 
important to avoid fracture displacement during rehabilitation. In order to maintain 
reduction, the initial guidelines developed by the Arbeitsgemeinschaft für Osteosyn-
thesefragen (AO) described non-weightbearing until fracture healing was radiograph-
ically proven, back then usually after three months (1). Despite improved operation 
techniques and materials which allow earlier weightbearing without displacement or 
implant failure since then, the current guidelines are not much adjusted and non-
weightbearing is often recommended for six to nine weeks (2-4). To reduce the risk of 
secondary displacement this period is followed by increased restricted weightbearing as 
tolerated (5).  
Non-weightbearing is negatively contributing to long-term rehabilitation and associ-
ated high socio-economic costs (4-8), it also affects patients’ physical conditions by 
decreasing muscle strength and bone mass (8-10). Early partial weightbearing might be 
a safe option, reduce these physical disadvantages and accelerate mental and physical 
recovery, daily activities, and work resumption (11). It is unknown whether early (pro-
gressive) weightbearing after calcaneal surgery is as safe as the often recommended 
start of weightbearing after six to nine weeks.  
 The primary aim of this systematic review was to evaluate the effect of time to post-
operative weightbearing on Böhler’s angle in operatively treated adult patients with a 
closed DIACF. Secondary aims were to determine the effect of early weightbearing on 
post-operative pain, (wound related) complications, functional outcomes (e.g., The 
American Orthopedic Foot and Ankle Society Scale (AOFAS)), and revision surgeries (i.e., 
implant removal). Finally, the effect of bone void filling on these radiographic parame-
ters, functional outcomes, complications, and revision surgeries was evaluated.  
METHODS 
Search strategy 
This systematic review and pooled analysis was conducted following the PRISMA guide-
lines (12). To assess the methodological quality of studies, the methodological items for 
non-randomized studies (MINORS) instrument was used (13). The global ideal score is 
16 for non-comparative studies and 24 for comparative studies (13). A literature search 
was performed on January 24, 2017 in the Medline Ovid, Cochrane Central Register of 
Controlled trials, Embase, Web of Science, Google Scholar, and CINAHL. The databases 
were searched on the terms related to ‘weightbearing’ combined with ‘intra-articular’, 
‘calcaneal fractures’, and their abbreviations and synonyms. The full search strings per 
database are shown in Supplement Table 1. 
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Inclusion criteria were; studies reporting on patients with a displaced intra-articular 
calcaneal fracture that were treated operatively with internal fixation. Also, the mo-
ment at which weightbearing started had to be mentioned explicitly. Exclusion criteria 
were; studies that did not report primary data for the operatively treated patients, 
studies that solely reported on open fractures, bilateral fractures, or polytrauma pa-
tients, and studies that reported on fractures in patients with congenital deformities of 
the foot. Furthermore, non-clinical or clinical studies with a level of evidence higher 
than five according to Mahid et al. (e.g., case reports (level VI), opinions (level VII)) were 
excluded (14). There was no language restriction or time period selection. 
Selected studies were screened on title and abstract for the exclusion criteria by two 
investigators (ASDB and GVM) independently (15). Inconsistencies were resolved by 
consensus. If a full-text version of a manuscript was not available for the investigators, a 
request for the full-text version was sent to the author. If no response was received, a 
single reminder was sent after two weeks. 
Data extraction  
Two investigators (ASDB and GVM) extracted the data independently, again inconsist-
encies were resolved by consensus. Study design, patient characteristics, treatment 
characteristics, injury characteristics, radiographic parameters (i.e., Böhler’s and Gis-
sane’s angle pre-operatively, post-operatively, and at follow-up, and arthrosis), visual 
analog scale (VAS) for pain (16), complications (e.g., superficial infection (i.e., can be 
treated non-operatively, e.g., using oral antibiotics), deep infection (i.e., requiring surgi-
cal intervention, readmission or intravenous antibiotics) (17), necrosis, nonunion), func-
tional outcomes (e.g., AOFAS), implant removal (due to implant failure or symptoms), 
and weightbearing regimes (i.e., time to partial weightbearing and full weightbearing) 
were extracted. 
The time to partial weightbearing was stratisfied into four groups: very early (0-4 
weeks), early (4-6 weeks), intermediate (6-8 weeks), and late (8-12 weeks). The time to 
full weightbearing was stratisfied into three groups: early (0-8 weeks), intermediate (8-
12 weeks), and late (> 12 weeks). 
Statistical analysis 
Radiographic parameters, functional outcome scores, and complication rates for both 
partial and full weightbearing were pooled using MedCalc for Windows, version 16.4.3 
(MedCalc Software bvba, Ostend, Belgium; https://medcalc.org;2016 MedCalc). Pooled 
estimates are reported with their 95% confidence intervals (CI). Heterogeneity was 
quantified with Cochran’s Q test and I2 statistic, a fixed effects model was used when 
the I2 was < 40%. A random effects model was used for the pooled analysis when the 
heterogeneity test was ≥ 40%. A subanalysis was performed for internal fixation com-
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bined with a bone void filling (i.e., autologous, allogenic bone grafts or synthetic bone 
void fillers). 
RESULTS 
A total of 2,688 studies were found with the initial database searches (Figure 1). After 
removal of duplicate studies and selecting the studies on title and abstract, 131 studies 
remained. After reading the full-texts, 59 studies were excluded based on predefined 
exclusion criteria. In total, 72 studies (86 cohorts, 6,064 patients) were analyzed in this 
review. Patients were stratified into a partial, full, or both weightbearing groups. The 
partial weightbearing group analysis included 507 patients (nine cohorts) in the very 
early partial weightbearing group; 327 patients (six cohorts) in the early partial 
weightbearing; 1,461 patients (26 cohorts) in the intermediate partial weightbearing, 
and 1,964 patients (34 cohorts) in the late partial weightbearing group. In the full 
weightbearing groups 2,921 patients were analyzed; 318 patients (five cohorts) in the 
early full weightbearing; 871 patients (10 cohorts) in the intermediate full weightbear-
ing; and 1,732 patients (34 cohorts) in the late full weightbearing group. A subanalysis 
of 16 studies (518 patients in 16 cohorts) was done for internal fixation combined with 
bone void fillers. 
The pooled analysis included studies with different methodological quality (Supple-
mental Table 1): eight randomized controlled trials, 31 prospective studies (two case 
series, three case control and 26 cohort studies, with MINORS ranging from 3 to 21) and 
33 retrospective studies (one chart review, four case series, and 28 cohort studies, with 
MINORS ranging from 5 to 20).  
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Figure 1. Flowchart of literature search  
Radiographic parameters 
Böhler’s angles at three moments; pre-operative, post-operative, and at follow-up dif-
fered only marginal between the weightbearing groups (Figure 2 and Table 1). The 95% 
CI in pre-operative Böhler’s angle overlapped in all partial weightbearing groups: early 
7° [95% CI, -3-18] and late 4° [95% CI, 1-6°]. Also, in the post-operative Böhler’s angle 
the 95% CIs overlapped 27° [95% CI, 26-29°] in the early and 27° [95% CI, 24-30°] in the 
late partial weightbearing group. In addition, overlap of the 95% CI was found in the 
Böhler’s angle at final follow-up: 25° [95% CI, 23-27°], 23° [95% CI, 21-25°], and 24° 
[95% CI, 17-32] in the early, intermediate, and late partial weightbearing groups, re-
spectively. There were not enough data to determine Böhler’s angles in the very early 
partial weightbearing. 
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Table 1. Radiographic outcomes, functional outcomes, and, after partial weightbearing in patients with a 
DIACF 
Outcome Partial WB Ns Np Nf Q P-value I2 (95% CI) Method Pooled estimate 
(95% CI) 
Böhler pre 
 Very early*         
 Early 3 76 76 1120 <0.001 99.8 (99.8-99.9) Random 7.3 (-3.2-17.8) 
 Intermediate 8 384 451 22 0.002 69 (34.4-85.0) Random 3.1 (1.2-5.1) 
 Late 6 333 407 67 <0.001 93(86.4-95.9) Random 3.8 (1.1-6.4) 
Böhler post 
 Very early*         
 Early 4 93 93 11 <0.001 73 (22.5-90.3) Random 27.5 (25.8-29.1) 
 Intermediate 8 553 577 29 <0.001 76 (52.1-88.0) Random 28.4 (27.2-29.8) 
 Late 5 317 391 67 <0.001 94 (88.9-96.8) Random 26.7 (23.5-29.9) 
Böhler FU Very early*         
 Early 3 49 49 8 0.017 76 (19.1-92.6) Random 25.0 (22.9-27.2) 
 Intermediate 8 531 633 62 <0.001 89 (79.9-93.6) Random 22.7 (20.7-24.6) 
 Late 4 139 156 102 <0.001 97 (94.8-98.3) Random 24.2 (16.6-31.8) 
Gissane pre 
 Very early*         
 Early*         
 Intermediate*         
 Late 3 248 319 5476 <0.001 100 (100.0-100.0) Random 112.4 (66.9-177.9) 
Gissane post 
 Very early*         
 Early*         
 Intermediate 3 429 435 6 0.058 65 (0.0-89.9) Random 119.2 (117.5-120.8) 
 Late 3 248 319 49 <0.001 96 (91.2-98.1) Random 121.5 (114.7-128.3) 
Gissane FU 
 Very early*         
 Early*         
 Intermediate 3 429 435 7 0.028 72 (5.6-91.7) Random 122.9 (121.2-124.6) 
 Late 2 92 109 22 <0.001 96 (86.9-98.5) Random 119.5 (106.7-132.3) 
CalcH pre  
 Very early         
 Early*         
 Intermediate 4 94 103 92 <0.001 97 (94.1-98.2) Random 37.8 (33.1-42.4) 
 Late*         
CalcH post 
 Very early*         
 Early*         
 Intermediate 5 469 478 134 <0.001 97 (95.1-98.2) Random 44.3 (42.5-46.0) 
 Late 2 187 241 7 0.010 85 (38-2-96.3) Fixed 42.9 (40.3-45.5) 
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Outcome Partial WB Ns Np Nf Q P-value I2 (95% CI) Method Pooled estimate 
(95% CI) 
CalcH FU 
 Very early*         
 Early*         
 Intermediate 6 484 493 289 <0.001 95 (97.5-98.8) Random 41.9 (39.4-44.5) 
 Late*         
AOFAS  
 Very early*         
 Early 4 405 459 40 <0.001 90 (79.9-94.6) Random 82.4 (78.0-86.8) 
 Intermediate 7 557 566 122 <0.001 95 (92.1-97.0) Random 80.7 (77.5-83.9) 
 Late 6 486 559 48 <0.001 93 (84.0-96.5) Random 83.2 (79.5-86.5) 
VAS pain 
 Very early*         
 Early 2 64 64 2 0.180 44 (0.0-0.0) Random 1.6 (1.3-1.9) 
 Intermediate*         
 Late 2 107 125 123 <0.001 99 (98.5-99.6) Random 5.2 (1.3-9.1) 
Superficial 
 Very early   6 349 399 4 0.587 0 (0.0-67.1) Fixed 6.9 (4.6-9.8) 
infection 
 Early  4 545 572 27 <0.001 89 (74.4-95.2) Random 8.9 (2.2-19.6) 
 Intermediate 13 860 906 65 <0.001 82 (69.7-88.9) Random 14.0 (8.9-20.2) 
 Late 18 1241 1323 108 <0.001 84 (76.3-89.5) Random 7.4 (4.1-11.5) 
Deep Very early 6 451 472 3 0.757 0 (0.0-53.2) Fixed 1.6 (0.7-3.2) 
infection 
 Early 3 374 425 20 <0.001 90 (72.9-96.2) Random 2.6 (0.0-10.4) 
 Intermediate 5 474 479 4 0.402 1 (0.0-80.6) Fixed 6.0 (4.1-8.6) 
 Late 14 984 1137 59 <0.001 78 (63.4-86.7) Random 3.8 (1.6-6.8) 
Necrosis 
 Very early 3 154 160 6 0.059 65 (0.0-89.9) Fixed 3.7 (1.4-7.8) 
 Early 3 117 125 2 0.331 9 (0.0-97.0) Random 4.4 (0.4-12.4) 
 Intermediate 5 259 287 9 0.054 57 (0.0-84.1) Random 6.4 (2.4-12.1) 
 Late 8 730 807 11 0.144 36 (0.0-71.6) Fixed 5.5 (4.0-7.3) 
Nonunion 
 Very early 3 190 210 0 0.914 0 (0.0-62.9) Fixed 1.5 (0.3-4.4) 
 Early*         
 Intermediate 3 113 122 0 0.944 0 (0.0-42.0) Fixed 0.6 (0.0-4.3) 
 Late*         
Implant  
 Very early 2 156 156 7 0.007 86 (45.4-96.6) Random 5.9 (0.4-27.7) 
removal 
 Early*         
 Intermediate 3 152 164 7 0.026 73 (7.4-91.9) Random 12.7 (4.6-23.9) 
 Late 9 479 520 22 0.006 63 (24.3-82.1) Random 6.8 (3.5-11.2) 
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Outcome Partial WB Ns Np Nf Q P-value I2 (95% CI) Method Pooled estimate 
(95% CI) 
Arthrodesis 
 Very early*         
 Early*         
 Intermediate 4 469 481 10 0.023 68 (8.4-89.1) Random 5.5 (2.1-10.3) 
 Late 6 547 613 71 <0.001 93 (87.4-96.1) Random 10.2 (2.4-22.5) 
* Insufficient data available 
Partial WB, time to partial weightbearing; Np, number of operatively treated patients; Ns, number of studies; 
Nf, number of fractures; Böhler pre, Pre-operative Böhler’s angle; Böhler post, Post-operative Böhler’s angle; 
Böhler FU, Böhler’s angle at follow-up; Gissane pre, Pre-operative Gissane’s angle; Gissane post, Post-
operative Gissane’s angle; Gissane FU, Gissane’s angle at follow-up; CalcH pre, Pre-operative calcaneal height; 
CalcH post, Post-operative calcaneal height; CalcH FU, Calcaneal height at follow-up; AOFAS, American Ortho-
paedic Foot and Ankle Society; VAS, visual analog scale for pain (0-10).  
 
Figure 2. Böhler’s angle at different time points in the partial weightbearing groups 
Time to partial weightbearing: very early (0-4 weeks), early (4-6 weeks), intermediate (6-8 weeks), and late (8-
12 weeks). 
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The overlaps in CIs do not support a relation between the time to partial weightbearing 
and calcaneal height and the angle of Gissane (Table 1). No data were available for the 
very early and the early partial weightbearing groups. The post-operative angle of Gis-
sane was 119° [95% CI, 118-121°] in the intermediate and 122° [95% CI, 115-128°] in 
the late partial weightbearing group. At follow-up, again overlap in confidence intervals 
was found in Gissane’s angle: 123° [95% CI, 121-125°] and 120° [95% CI, 107-132°] in 
the intermediate and late partial weightbearing group, respectively. The post-operative 
calcaneal height data were only available in two weightbearing groups: intermediate; 44 
mm [95% CI, 43-46 mm] and late partial weightbearing 43 mm [95% CI, 40-46 mm].  
Functional outcomes 
The AOFAS Ankle-Hindfoot Scale (18) was used as an instrument to measure functional 
outcome. In the very early partial weightbearing group insufficient data were available 
for analysis. In the other three groups the mean score was 82 points [95% CI, 78-87 
points] in the early, 81 points [95% CI, 78-84 points] in the intermediate, and 83 points 
[95% CI, 79-87 points] in the late partial weightbearing group (Table 1). In all three 
groups, overlap in the 95% CI was found (Figure 3). Other patient reported outcome 
scores were reported in only a few studies and did not provide sufficient data for the 
individual weightbearing groups (Foot Function Index, ShortForm-36, EuroQol-5D, Low-
er extremity functional scale, Maryland Foot Score, Creighton-Nebraska Score, and 
short musculoskeletal functional assessment). 
Pain 
The 95% CIs of VAS pain scores overlapped in the early and the late partial weightbear-
ing groups: 1.6 points [95% CI, 1.3-1.9 points] in the early and 5.2 points [95% CI, 1.3-
9.1 points] in the late partial weightbearing group. In the other two partial weightbear-
ing groups, insufficient data were available for analysis. Insufficient primary statistics 
were reported for other pain scores (NRS and Likert scale). 
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Figure 3. American Orthopedic Foot and Ankle Society (AOFAS) in partial weightbearing groups 
Time to partial weightbearing: very early (0-4 weeks), early (4-6 weeks), intermediate (6-8 weeks), and late (8-
12 weeks). 
Complications and revision surgery 
The 95% CIs of all complications, except for deep infections, overlapped in every 
weightbearing group (Figure 4 and Table 1). Most superficial infections were found in 
the intermediate partial weightbearing group: 14% [95% CI, 9-20%], however with con-
sistently overlapping 95% CI of very early; 7% [95% CI, 5-10%], early; 9% [95% CI, 2-
20%], and late; 7% [95% CI, 4-11%]. Also, the highest rate of deep infections were found 
in the intermediate partial weightbearing group: 6% [95% CI, 4-9%], compared with the 
lowest rate of 2% [95% CI, 1-3%] in the very early partial weightbearing group. The 
highest wound necrosis rate was noted in the intermediate partial weightbearing group 
(6% [95% CI, 2-12%]), compared with 4% [95% CI, 1-8%] in the very early; 4% [95% CI, 0-
12%] in the early, and 5% [95% CI, 4-7%] in the late partial weightbearing group. Con-
cerning the remaining VAS pain, nonunion, implant removal, or arthrodesis (for subtalar 
arthrosis), no analysis could be performed since insufficient data was available, or 95% 
CIs were consistently overlapping for the various weightbearing groups.  
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Figure 4. Complications in partial weightbearing groups  
Time to partial weightbearing: very early (0-4 weeks), early (4-6 weeks), intermediate (6-8 weeks), and late (8-
12 weeks). 
Full weightbearing 
The overlapping 95% CIs of the post-operative Böhler’s angle, do not suggest a relation 
between the intermediate and late full weightbearing groups: 28° [95% CI, 25-32°] ver-
sus 28° [95% CI, 27-29°] (Table 2). Böhler’s angle at follow-up was 22° [95% CI, 19-25°] 
for the intermediate and 24° [95% CI, 22-26°] in the late weightbearing group. Insuffi-
cient data on calcaneal height were available for the early full weightbearing group. But 
again no relation between the remaining full weightbearing groups could be noted. The 
95% CI of the AOFAS in the intermediate full weightbearing group (86 points [95% CI, 
84-89 points]) overlapped with that of the late full weightbearing group (82 points [95% 
CI, 79-85]).  
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Table 2. Radiographic outcomes, functional outcomes, and complications after full weightbearing in patients 
with DIACF 
Outcome 
Full WB Ns Np Nf Q P-value I
2 (95% CI) Model Pooled estimate (95% CI) 
Böhler pre 
 Early 2 248 291 20 <0.001 95 (84.9-98.3) Random 6.2 (-3.1-15.4) 
 Intermediate 3 73 76 7 0.026 72 (7.2-91.8) Random 6.0 (1.5-10.5) 
 Late 5 288 331 12 0.016 67 (14.8-97.3) Random 1.6 (0.7-2.5) 
Böhler post 
 Early*         
 Intermediate 3 73 76 11 0.004 82 (42.9-94.1) Random 28.3 (24.8-31.9) 
 Late 7 678 742 22 0.001 73 (41.2-87.3) Random 28.3 (27.5-29.1) 
Böhler FU 
 Early*         
 Intermediate 2 40 43 2 0.218 34 (0.0-0.0) Fixed 21.9 (18.9-24.9) 
 Late 5 485 485 48 <0.001 92 (83.7-95.8) Random 24.1 (22.2-26.1) 
Gissane pre 
 Early*         
 Intermediate*         
 Late*         
Gissane post 
 Early*         
 Intermediate*         
 Late 3 546 600 73 <0.001 97 (94.6-98.6) Random 121.4 (117.6-125.2) 
Gissane FU 
 Early*         
 Intermediate*         
 Late 2 390 390 4 0.036 77 (0.0-94.8) Random 123.4 (121.6-125.1) 
CalcH pre 
 Early*         
 Intermediate 2 40 40 1 0.432 0 (0.0-0.0) Fixed 35.4 (34.1-36.6) 
 Late*         
CalcH post Early*         
 Intermediate 2 40 40 1 0.469 0 (0.0-0.0) Fixed 42.8 (42.2-43.3) 
 Late 4 577 631 13 0.005 76 (35.0-91.4) Random 42.6 (41.9-43.3) 
CalcH FU 
 Early*         
 Intermediate 2 40 40 14 <0.001 93 (76.3-97.9) Random 40.6 (38.5-42.6) 
 Late 2 390 390 0 0.814 0 (0.0-0.0) Fixed 40.1 (39.6-40.5) 
AOFAS 
 Early*         
 Intermediate 2 40 40 0 0.502 0 (0.0-0.0) Fixed 86.1 (83.7-88.6) 
 Late 7 576 578 160 <0.001 96 (94.2-97.6) Random 81.6 (78.5-84.7) 
VAS pain 
 Early*         
 Intermediate*         
 Late 3 121 128 58 <0.001 97 (92.8-98.3) Random 2.2 (1.2-3.2) 
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Outcome 
Full WB Ns Np Nf Q P-value I
2 (95% CI) Model Pooled estimate (95% CI) 
Superficial  Early  3 223 242 1 0.646 0 (0.0-92.3) Fixed 15.2 (11.0-20.4) 
infection 
 Intermediate 9 499 527 10 0.266 20 (0.0-61.5) Fixed 12.9 (10.2-16.0) 
 Late 18 1319 1414 136 <0.001 88 (81.8-91.5) Random 10.2 (6.0-15.4) 
Deep Early 4 241 261 2 0.544 0 (0.0-81.9) Fixed 5.4 (3.0-8.8) 
infection 
 Intermediate 5 521 564 5 0.258 25 (0.0-69.5) Fixed 2.8 (1.6-4.5) 
 Late 12 1023 1111 46 <0.001 76 (58.1-86.3) Random 3.9 (1.7-6.8) 
Necrosis 
 Early*         
 Intermediate 5 252 282 4 0.374 6 (0.0-81.6) Fixed 6.7 (4.1-10.2) 
 Late 9 502 528 17 0.030 53 (0.0-77.7) Random 7.5 (4.4-11.4) 
Nonunion 
 Early*         
 Intermediate 2 79 84 0 0.721 0 (0.0-0.0) Fixed 0.6 (0.0-5.6) 
 Late 4 224 248 0 0.954 0 (0.0-0.0) Fixed 1.4 (0.3-3.9) 
Implant removal 
 Early*         
 Intermediate 3 246 248 10 0.008 79 (34.6-93.5) Random 8.7 (1.0-23.2) 
 Late 5 322 337 8 0.096 49 (0.0-81.4) Random 5.1 (2.2-9.0) 
Arthrodesis 
 Early*         
 Intermediate*         
 Late 4 523 544 60 <0.001 95 (90.1-97.4) Random 12.1 (2.4-27.9) 
* Insufficient data available 
Full WB, time to full weightbearing; Np, number of operatively treated patients; Ns, num-
ber of studies; Nf, number of fractures; Böhler pre, Pre-operative Böhler’s angle; Böhler 
post, Post-operative Böhler’s angle; Böhler FU, Böhler’s angle at follow-up; Gissane pre, 
Pre-operative Gissane’s angle; Gissane post, Post-operative Gissane’s angle; Gissane FU, 
Gissane’s angle at follow-up; CalcH pre, Pre-operative calcaneal height; CalcH post, Post-
operative calcaneal height; CalcH FU, Calcaneal height at follow-up; AOFAS, American 
Orthopaedic Foot and Ankle Society; VAS, visual analog scale for pain (0-10). 
Bone void fillers 
To assess whether bone void filling would allow earlier weightbearing, a subanalysis was 
done for bone void fillers combined with internal fixation. For all outcomes (e.g., radio-
graphic parameters, complications, and revision surgery) in the bone void filling group, 
the very early and early partial weightbearing data was insufficient to analyze (Table 3). 
Information of the intermediate partial weightbearing bone void filling group was most-
ly available, the AOFAS score was 81 points [95% CI, 71-92 points]) in this group. 
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Table 3. Radiographic outcomes, functional outcomes, and complications after partial weightbearing in pa-
tients with DIACF treated with internal fixation combined with bone void filling 
Outcome 
 Partial WB 
Ns Np Nf Q P-value I2 (95% CI) Model Pooled estimate 
(95% CI) 
Böhler pre 
 Intermediate 2 N.S. 50 1 0.245 26 (0.0-0.0) Fixed 1.6 (-2.2-5.4) 
Böhler post 
 Intermediate 3 N.S. 252 4 0.117 53 (0.0-86.7) Random 28.5 (26.6-30.3) 
Böhler FU 
 Intermediate 3 N.S. 252 1 0.521 0 (0.0-94.9) Fixed 25.3 (24.5-26.0) 
CalcH post 
 Intermediate 2 222 224 0 0.737 0 (0.0-0.0) Fixed 42.8 (42.5-43.2) 
CalcH FU 
 Intermediate 2 222 224 11 0.001 90 (65.5-97.4) Random 40.8 (39.2-42.4) 
AOFAS  
 Intermediate 2 222 224 40 <0.001 97 (93.8-99.0) Random 81.5 (71.3-91.7) 
Superficial infection         
 Intermediate 6 334 347 17 0.004 71 (33.0-87.6) Random 15.0 (7.7-25.1) 
 Late 3 67 69 1 0.734 0 (0.0-89.2) Fixed 2.5 (0.3-9.3) 
Deep infection         
 Very early 2 37 39 1 0.295 9 (0.0-0.0) Fixed 3.6 (0.2-14.6) 
 Intermediate  2 233 237 0 0.955 0 (0.0-0.0) Fixed 7.1 (4.2-11.1) 
Necrosis 
 Intermediate 3 100 106 4 0.106 55 (0.0-87.3) Random 8.7 (2.1-19.2) 
Nonunion 
 Intermediate 2 90 99 0 0.836 0 (0.0-0.0) Fixed 0.5 (0.0-4.5) 
Implant removal         
 Late 2 49 51 1 0.271 17 (0.0-0.0) Fixed 4.6 (0.8-14.2) 
Arthrodesis
 Intermediate  2 242 248 7 0.007 86 (44.7-96.5) Random 8.3 (0.6-23.4) 
Partial WB, time to partial weightbearing; N.S., Not specified; Np, number of operatively treated patients; Ns, 
number of studies; Nf, number of fractures; Q, Q-value; I2, Inconsistency; Böhler pre, Pre-operative Böhler’s 
angle; Böhler post, Post-operative Böhler’s angle; Böhler FU, Böhler’s angle at follow-up; CalcH pre, Pre-
operative calcaneal height; CalcH post, Post-operative calcaneal height; CalcH FU, Calcaneal height at follow-
up; AOFAS, American Orthopaedic Foot and Ankle Society; VAS, visual analog scale for pain (0-10). 
DISCUSSION 
This systematic review shows that the 95% CIs of most outcomes overlapped. This 
might implicate that there is actually no relationship between the different weightbear-
ing regimes and radiographic and clinical outcomes. However, because of the heteroge-
neity in terms of methodological designs, treatment, and weightbearing protocols, a 
spurious relation might be possible. 
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In this review, both Böhler’s angle post-operatively as at follow-up were similar be-
tween the different partial weightbearing groups. This suggests that the loss of reduc-
tion measured by these Böhler’s angles, is not influenced regardless of whether patients 
start partial weightbearing early or late. Outcomes in all partial weightbearing groups 
were comparable, suggesting that partial weightbearing within six weeks after surgery 
has similar effects on maintaining reduction, functional outcome, and complications as 
the current most commonly recommended weightbearing regimes; intermediate and 
late partial weightbearing (>6 weeks). In addition, these findings are supported by liter-
ature describing surgically treated ankle fractures and other lower extremity fractures. 
Which reported that early weightbearing regimes do not result in more negative effects 
on functional outcome, secondary displacement, loss of fixation, and complication rates 
than more conservative weightbearing regimes (1-5). A systematical review and meta-
analysis showed that active exercises (compared to immobilization) and early 
weightbearing (compared to late weightbearing) after ankle surgery tends to accelerate 
return to work (6).  
The authors acknowledge that the weightbearing-mechanism in patients with ankle 
fractures differ from weightbearing in patients with calcaneal fractures. However, 
Dehghan et al. (3) found no difference regarding wound complications, surgical site 
infections, fixation failure, or loss of reduction in unstable ankle fractures when 
weightbearing and range of motion exercises started after two weeks compared with 
non-weightbearing and cast immobilization for six weeks. Weightbearing guided by pain 
in patients with ankle fractures has shown to have similar functional results (activity 
limitation, range of motion, delayed union, infections, and adverse events) as patients 
with six weeks of non-weightbearing (2). Even complications linked to early weightbear-
ing as secondary displacement, malunions, and arthrodesis are not significantly higher 
in early weightbearing groups (2, 3).  
Bone void filling (i.e., autologous, allogenic bone grafts or synthetic bone void fillers) 
aims to speed bone healing, and provides osteoconduction and osteoinduction. The use 
of such bone void fillers is often recommended for complex lower extremity fractures to 
speed up the healing process (7). Therefore, a bone void filling subanalysis was done 
(due too low numbers no specific bone void filler is analysed). Unfortunately, data were 
only available for the intermediate and late partial weightbearing groups. Therefore, no 
conclusions could be drawn from this subanalysis. Also locking plates are assumed to 
allow earlier weightbearing without displacement or implant failure (8, 9). A subanalysis 
on this group was not possible due to the limited number of studies. 
With comparable results in the different weightbearing groups, the negative effects 
of non-weightbearing need to be addressed. Walking without weightbearing (i.e., 
crutches) requires four times more energy than a normal walk (10). Furthermore, pa-
tients often start weightbearing sooner than their physician recommends (27.5% of the 
patients is not compliant), but this non-compliance does not increase the risk of compli-
cations (11). Since literature on patient compliance is scarce, it is not discussed in this 
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review. Weightbearing compliance could be monitored via flexible shoe insoles. The 
insole includes pressure and force sensor that measure the force applied at key bearing 
points under the foot. Such a self-learning adaptive weightbearing monitoring system 
also can deliver electrical, mechanical, and/or audio feedback to encourage a patient to 
load the optimal target weight, the patient is given continuous feedback for improving 
rehabilitation (12, 13). Another recommendation for future research is the use of Virtu-
al Stress Testing, which provide a non-invasive estimate of a healing bone through a CT 
scan and has the potential to provide a quantitative, objective measure to identify frac-
tures who could safely handle bearing weight (14).  
Prospective clinical studies are required to support this review data and to optimize 
post-operative weightbearing regimes. This review suggests that such studies could be 
conducted safely but should be performed using objective and validated parameters, 
and a weightbearing monitoring system (i.e., shoe insoles to monitor weightbearing 
compliance).  
Limitations of this review are the heterogeneity in used outcomes and reported da-
ta, studies reporting no primary data (and therefore had to be excluded), the varying 
definition of partial weightbearing in the selected studies (e.g., toe touching, walking 
with crutches; restricted partial weightbearing of 10 kg with increasing amount of 
weight), and insufficient insight into (non-)weightbearing compliance. Furthermore, 
factors such as patients’ age, injury severity (i.e., fracture (sub)type), the presence of 
additional injuries, counseling of physical therapy training programs, and the use of 
analgesics could not be analyzed separately (due to low numbers of available data). 
These factors are likely to have impact on the study outcomes (e.g., Böhler's angle (sec-
ondary displacement), functional outcome, post-operative pain score, complications, 
revision surgeries and bone void filling). Unfortunately, due to the lack of (randomized) 
comparative studies this review was limited to studies with a lower scientific level of 
evidence, and to pooled analysis instead of a meta-analysis. Finally, not all study designs 
are comparable, as some studies also included bilateral and open calcaneal fractures. 
Above mentioned reduces the impact of conclusions in this review. 
CONCLUSION 
The adverse sequelae which are assumed to be associated with starting partial 
weightbearing already within six weeks after internal fixation of calcaneal fractures, is 
not supported by literature data. This systematic review suggests that early weightbear-
ing does not result in impaired outcomes compared with the current (more conserva-
tive) weightbearing regimes. 
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SUPPLEMENTAL MATERIAL 
Embase.com: 1029 publications 
('calcaneus fracture'/exp OR (calcaneus/de AND (fracture/de OR 'orthopedic fixation 
device'/exp OR 'fracture treatment'/exp)) OR ((calcane* OR heel OR os-calc* ) NEAR/10 
(fracture* OR trauma* OR screw* OR plate* OR fixat* OR orif OR crif OR arthrode* OR 
osteosynthes*)):ab,ti) AND ('immobilization'/exp OR 'mobilization'/exp OR 'weightbear-
ing'/exp OR 'physical activity'/de OR walking/de OR 'standing'/de OR 'kinesiothera-
py'/exp OR 'physical medicine'/de OR physiotherapy/exp OR 'physiotherapist'/exp OR 
rehabilitation/de OR Exercise/de OR (mobilizat* OR immobilizat* OR mobilisat* OR 
immobilisat* OR ((weight OR load) NEAR/3 bear*) OR weightbear* OR loadbear* OR 
axial-load* OR walking OR standing OR kinesiotherap* OR kinesitherap* OR exercis* OR 
((movement* OR phys*) NEAR/3 (therap* OR treat* OR technique* OR medicine* OR 
activ*)) OR physiotherap* OR rehabilitat* OR ambulat*):ab,ti) NOT ([Conference Ab-
stract]/lim OR [Letter]/lim OR (15)/lim OR [Editorial]/lim) NOT ([animals]/lim NOT [hu-
mans]/lim)  
Medline Ovid: 954 publications 
("calcaneus"/in OR (calcaneus/ AND (Fractures, Bone/ OR exp "Orthopedic Fixation 
Devices"/)) OR ((calcane* OR heel OR os-calc* ) ADJ10 (fracture* OR trauma* OR 
screw* OR plate* OR fixat* OR orif OR crif OR arthrode* OR osteosynthes*)).ab,ti,kf.) 
AND ("immobilization"/ OR "Early Ambulation"/ OR "Weight-Bearing"/ OR "Exercise"/ 
OR walking/ OR "Exercise Therapy"/ OR "Physical and Rehabilitation Medicine"/ OR 
"Physical Therapy Modalities"/ OR "Physical Therapists"/ OR Rehabilitation/ OR (mobili-
zat* OR immobilizat* OR mobilisat* OR immobilisat* OR ((weight OR load) ADJ3 bear*) 
OR weightbear* OR loadbear* OR axial-load* OR walking OR standing OR kinesiother-
ap* OR kinesitherap* OR exercis* OR ((movement* OR phys*) ADJ3 (therap* OR treat* 
OR technique* OR medicine* OR activ*)) OR physiotherap* OR rehabilitat* OR ambu-
lat*).ab,ti,kf.) NOT (letter OR news OR comment OR editorial OR congresses OR ab-
stracts).pt. NOT (exp animals/ NOT humans/)  
CINAHL EBSCOhost: 139 publications 
(MH "Calcaneus Fractures" OR (MH calcaneus AND (MH Fractures OR MH "Orthopedic 
Fixation Devices+")) OR TI ((calcane* OR heel OR os-calc* ) N9 (fracture* OR trauma* 
OR screw* OR plate* OR fixat* OR orif OR crif OR arthrode* OR osteosynthes*)) OR AB 
((calcane* OR heel OR os-calc* ) N9 (fracture* OR trauma* OR screw* OR plate* OR 
fixat* OR orif OR crif OR arthrode* OR osteosynthes*))) AND (MH "immobilization" OR 
MH "Early Ambulation" OR MH "Weight-Bearing" OR MH "Exercise" OR MH walking OR 
MH "Therapeutic Exercise" OR MH "Physical Medicine" OR MH "Physical Therapy" OR 
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MH "Physical Therapists" OR MH Rehabilitation OR TI (mobilizat* OR immobilizat* OR 
mobilisat* OR immobilisat* OR ((weight OR load) N2 bear*) OR weightbear* OR load-
bear* OR axial-load* OR walking OR standing OR kinesiotherap* OR kinesitherap* OR 
exercis* OR ((movement* OR phys*) N2 (therap* OR treat* OR technique* OR medi-
cine* OR activ*)) OR physiotherap* OR rehabilitat* OR ambulat*) OR AB (mobilizat* OR 
immobilizat* OR mobilisat* OR immobilisat* OR ((weight OR load) N2 bear*) OR 
weightbear* OR loadbear* OR axial-load* OR walking OR standing OR kinesiotherap* 
OR kinesitherap* OR exercis* OR ((movement* OR phys*) N2 (therap* OR treat* OR 
technique* OR medicine* OR activ*)) OR physiotherap* OR rehabilitat* OR ambulat*)) 
NOT PT (letter OR news OR comment OR editorial OR congresses OR abstracts) NOT 
(MH animals+ NOT MH humans+)  
Cochrane: 32 publications 
(((calcane* OR heel OR os-calc* ) NEAR/10 (fracture* OR trauma* OR screw* OR plate* 
OR fixat* OR orif OR crif OR arthrode* OR osteosynthes*)):ab,ti) AND ((mobilizat* OR 
immobilizat* OR mobilisat* OR immobilisat* OR ((weight OR load) NEAR/3 bear*) OR 
weightbear* OR loadbear* OR axial-load* OR walking OR standing OR kinesiotherap* 
OR kinesitherap* OR exercis* OR ((movement* OR phys*) NEAR/3 (therap* OR treat* 
OR technique* OR medicine* OR activ*)) OR physiotherap* OR rehabilitat* OR ambu-
lat*):ab,ti)  
Web of Science: 334 publications 
TS=((((calcane* OR heel OR os-calc* ) NEAR/9 (fracture* OR trauma* OR screw* OR 
plate* OR fixat* OR orif OR crif OR arthrode* OR osteosynthes*))) AND ((mobilizat* OR 
immobilizat* OR mobilisat* OR immobilisat* OR ((weight OR load) NEAR/2 bear*) OR 
weightbear* OR loadbear* OR axial-load* OR walking OR standing OR kinesiotherap* 
OR kinesitherap* OR exercis* OR ((movement* OR phys*) NEAR/2 (therap* OR treat* 
OR technique* OR medicine* OR activ*)) OR physiotherap* OR rehabilitat* OR ambu-
lat*)) ) AND DT=(article) AND LA=(english)  
Google Scholar: 200 publications 
"calcaneus|calcaneal|calcis fracture|fractures|trauma|fixation|fixator"mobilization| 
immobilization|mobilisation|immobilisation|"weight|loadbearing"|weightbearing| 
loadbearing|walking|standing|"physical activity|activities"|ambulation 
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SUPPLEMENTAL TABLE 1 
Publication Study design M WB time BVF Np Nf N Male (%) FU (mo) 
Duymus et al. (1) Prospective case control 16 N.D. N.D. 40 43 35 (88) N.D. 
Duymus et al. (1)_A Prospective case control 16 6 Yes 20 22 N.D. 24.8 
Duymus et al. (1)_B Prospective case control 16 6 No 20 21 N.D. 22.7 
Gamal et al. (2) Prospective cohort 11 6-8 No 57 64 40 (70) 16 
Hegde et al. (3) Prospective cohort 3 6 No 23 23 22 (96) N.D. 
Li et al. (4) RCT * 20 4-6 No 64 64 47 (74) 12 
Li et al. (4)_A RCT * 20 4-6 No 32 32 24 (75) 12 
Li et al. (4)_B RCT * 20 4-6 No 32 32 23 (72) 12 
Long et al. (5) Prospective cohort 13 8-12 No 23 23 8 (35) 13.7 
Pompach et al. (6) Prospective cohort 12 1 No 107 107 N.D. 12 
Scott et al. (7) Retrospective cohort 9 8 No 35 39 21 (60) 10 
Zwipp et al. (8) Prospective case control 8 6-10 No 103 106 89 (86) 12 
Cao et al.(9) Prospective cohort 7 3 No 33 33 25 (76) 21 
Chen et al. (10) Prospective cohort 4 8-12 N.D. 42 48 27 (64) 17 
Farell et al. (11) Retrospective case series 6 8 No 9 10 N.D. 2 
Gomaa et al.(12) Prospective cohort 12 6 No 52 61 43 (83) 31.4 
Gusic et al. (13) Retrospective cohort  19 N.D. N.D. 103 105 82 (80) 12 
Gusic et al. (13)_A Retrospective cohort 19 6-8 No 16 N.D. N.D. N.D. 
Gusic et al. (13)_B Retrospective cohort 19 6-8 No 67 N.D. N.D. N.D. 
Gusic et al. (13)_C Retrospective cohort 19 6-8 Yes 20 N.D. N.D. N.D. 
De Vroome et al. (14) Retrospective case series 10 8-12 No 38 41 29 (76) 75.6 
Griffin et al. (15) RCT * 21 6 No 73 73 64 (88) 24 
Hetsroni et al. (16) Retrospective cohort 9 8-12 No 16 16 13 (81) 40 
Kayali et al. (17) Retrospective cohort 11 6-8 Yes 15 15 12 (80) 19 
Sanders et al. (18) Prognostic case control 11 12 No 93 108 73 (88) 182.5 
Sivakumar et al. (19) Retrospective cohort 6 10 N.D. 13 13 11 (85) 19.9 
Su et al. (20) Retrospective cohort 12 4-6 No 12 12 10 (83) 93.9 
Vittore et al. (21) Prospective cohort 8 1 Yes 20 20 11 (55) 12.3 
Ågren et al. (22) RCT * 21 6 N.D. 42 42 29 (69) 120 
De Groot et al. (23) Retrospective cohort 10 6-8 No 39 45 26 (67) 78 
Gülabi et al. (24) Retrospective cohort 8 10.4 Yes 26 27 21 (81) 34.4 
Hammond et al. (25) Prospective case series 9 8 No 14 17 N.D. 3 
Jain et al. (26) Prospective cohort 8 12 No 24 26 21 (83) 14.5 
Naik et al. (27) Prospective cohort 7 6 No 37 47 30 (81) 31.2 
Singh et al. (28) Retrospective cohort 20 N.D. N.D. 390 390 N.D. 24 
Singh et al. (28)_A Retrospective cohort 20 6-8 Yes 202 202 152 (75) 24 
Singh et al. (28)_B Retrospective cohort 20 6-8 No 188 188 130 (58) 24 
Wu et al. (29) Retrospective cohort 13 N.D. N.D. 329 383 307 (93) 12 
Wu et al. (29)_A Retrospective cohort 13 5.6 No 181 213 168 (93) 12 
Wu et al. (29)_B Retrospective cohort 13 9.4 N.D. 148 170 139 (94) 12 
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Publication Study design M WB time BVF Np Nf N Male (%) FU (mo) 
Chen et al. (30) Prospective cohort 21 N.D. N.D. 78 78 44 (56) 24 
Chen et al. (30)_A Prospective cohort 21 8 N.D. 40 40 24 (60) 24 
Chen et al. (30)_B Prospective cohort 21 6 Yes 38 38 20 (53) 24 
DeWall et al. (31) Retrospective cohort 15 N.D. N.D. 120 125 N.D. N.D. 
DeWall et al. (31)_A Retrospective cohort 15 8-10 No 41 42 35 (88) 24.7 
DeWall et al. (31)_B Retrospective cohort 15 8-10 No 79 83 66 (80) 21.9 
Hyer et al. (32) Retrospective cohort  13 4.88 No 17 17 12 (71) 237.7 
Mostafa et al. (33) Prospective cohort 12 8-10 Yes 18 18 16 (89) 24.1 
Rammelt et al. (34) Retrospective cohort 10 6-8 No 33 33 21 (88) 29 
Wang et al. (35) Prospective cohort 9 8 No 156 210 144 (92) 9.7 
Demcoe et al. (36) Retrospective chart review 10 8-12 No 246 278 207 (84) 6 
Johal et al. (37) RCT * 19 N.D. N.D. 47 52 N.D. N.D. 
Johal et al. (37)_A RCT * 19 6 Yes N.D. 28 N.D. 12 
Johal et al. (37)_B RCT * 19 6 No N.D. 24 N.D. 12 
Kienast et al. (38) Retrospective cohort 14 1 No 136 136 112 (82) 8.6 
Rak et al. (39) Prospective cohort 15 N.D. N.D. 67 76 57 (85) N.D. 
Rak et al. (39)_A Prospective cohort 15 8-12 No N.D. N.D. N.D. N.D. 
Rak et al. (39)_B Prospective cohort 15 8-12 No N.D. N.D. N.D. N.D. 
Rak et al. (39)_C Prospective cohort 15 8-12 No N.D. N.D. N.D. N.D. 
Rak et al. (39)_D Prospective cohort 15 6-8 No N.D. N.D. N.D. N.D. 
Rak et al. (39)_E Prospective cohort 15 6-8 No N.D. N.D. N.D. N.D. 
Rak et al. (39)_F Prospective cohort 15 6-8 No N.D. N.D. N.D. N.D. 
Wee et al. (40) Prospective cohort 8 4 Yes 10 12 9 (90) 7 
Schepers et al. (41) Prospective cohort 8 12 No 50 61 36 (72) 35 
Walde et al. (42) Retrospective case series  9 8 No 88 92 63 (72) 68.4 
Zeman et al. (43) Prospective cohort 7 0-4 N.D. 29 33 27 (93) N.D. 
Ibrahim et al. (44) RCT * 16 6-8 No 15 15 11 (73) 180 
Besse et al. (45) Prospective case series 9 10 No 31 31 27 (84) 53 
Stulik et al. (46) Retrospective cohort 9 8.4 No 247 287 210 (85) 43.4 
Elsner et al. (47) Prospective cohort 11 0-4 Yes 18 19 13 (72) 22.3 
Emara et al. (48) Prospective cohort 15 N.D. N.D. N.D. N.D. N.D. N.D. 
Emara et al. (48)_A Prospective cohort 15 12 No 18 20 18 (90) 10.7 
Koski et al. (49) Retrospective cohort 7 6 No 126 148 101 (80) 10.7 
Howard et al.(50) RCT * 21 6 No 161 180 N.D. N.D. 
Buckley et al. (51) RCT * 21 6 No 206 249 N.D. N.D. 
Geel et al. (52) Retrospective cohort 8 6-10 No 29 33 22 (76) 20 
Longino et al. (53) Prospective case control 13 6 N.D. 40 40 38 (95) 29 
Shuler et al. (54) Retrospective cohort 11 12 N.D. 62 63 51 (82) 6 
Tennent et al. (55) Prospective cohort 10 6 N.D. 47 51 36 (77) 44 
Park et al. (56) Retrospective cohort 7 6 No 92 103 73 (79) 28 
Schildhauer et al. (57) Prospective cohort  7 N.D. Yes 32 36 32 (100) 21 
Rodriguez et al. (58) Retrospective cohort 15 10-12 Yes 28 28 23 (82) 46 
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Publication Study design M WB time BVF Np Nf N Male (%) FU (mo) 
Strømsøe et al. (59) Retrospective case series  8 6 Yes 40 46 28 (7) N.D. 
Burdeaux et al. (60) Prospective cohort  6 8 No 53 61 36 (68) 52.8 
Crosby et al. (61)  Retrospective cohort 8 8 No 21 23 15 (71) 26 
Laughlin et al. (62) Prospective cohort  11 8-12 No 31 33 27 (87) 18 
Thordarson et al. (63) RCT * 17 10 No 15 15 12 (80) 17 
Chan et al. (64) Retrospective cohort  9 6-8 Yes 31 35 29 (94) 44.3 
Monsey et al. (65) Retrospective cohort 7 8 Yes 18 18 14 (78) 32 
Hutchinson et al. (66) Retrospective cohort 8 8 No 43 47 29 (67) N.D. 
Bezes et al. (67) Retrospective cohort 6 8 No 205 205 N.D. 39 
Prats et al. (68) Retrospective cohort 9 1 No 20 20 9 (45) 60 
Sanders et al. (69) Retrospective cohort 8 8 No 132 132 N.D. 29.3 
Zwipp et al. (70) Prospective cohort 10 1.5 No 141 157 98 (70) 36 
Leung et al. (71) Prospective cohort 11 6 No 59 64 53 (90) 10.6 
Stephenson et al. (72) Retrospective case series 5 8-12 No 12 14 9 (75) 22 
*M; MINORS is usually used for non-randomized studies. No randomization was performed for weightbearing 
starting time. Publications presented in chronological order, at the top the most recent studies. MINORS, 
methodological items for non-randomized studies; WB time, weightbearing time; BVF, Bone Void Filling; N.D., 
Not determined, Np, number of patients; Nf, number of fractures; FU, follow-up; mo; months. 
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ABSTRACT 
Introduction: The AOFAS Ankle-Hindfoot Scale is among the most commonly used in-
strument for measuring outcome of treatment in patients who sustained a complex 
ankle or hindfoot injury. It combines a clinician-reported and a patient-reported part. A 
valid, Dutch version of this instrument is currently not available. Such a translated and 
validated instrument would allow objective comparison across hospitals or between 
patient groups, and with shown validity and reliability it may become a quality of care 
indicator in future. The main aims of this study are to translate and culturally adapt the 
AOFAS Ankle-Hindfoot Scale questionnaire into Dutch according to international guide-
lines, and to evaluate the measurement properties of the AOFAS Ankle-Hindfoot Scale-
Dutch Language Version (DLV) in patients with a unilateral ankle or hindfoot fracture.  
Methods and analysis: The design of the study will be a multicenter, prospective, obser-
vational study (case series) in patients who presented to the Emergency Department 
with a unilateral ankle or hindfoot fracture or (fracture) dislocation. A research physi-
cian or research assistant will complete the AOFAS Ankle-Hindfoot Scale-DLV based 
upon interview for the subjective part and physical examination for the objective part. 
In addition, patients will be asked to complete the Foot Function Index (FFI) and the 
Short Form-36 (SF-36). Descriptive statistics (including floor and ceiling effects), internal 
consistency, construct validity, reproducibility (i.e., test-retest reliability, agreement, 
and smallest detectable change), and responsiveness will be assessed for the AOFAS 
DLV.  
Ethics and dissemination: This study has been exempted by the medical research ethics 
committee (MREC) Erasmus MC (Rotterdam, The Netherlands). Each participant will 
provide written consent to participate and remain anonymized during the study. The 
results of the study are planned to be published in an international, peer-reviewed 
journal.  
Registration details: The study is registered at the Netherlands Trial Register (NTR5613; 
05-jan-2016). 
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INTRODUCTION 
Complex foot and ankle injuries cause a, usually temporary, loss of function and quality 
of life. Patient-Reported Outcome Measures (PROMs) are essential in both clinical prac-
tice and clinical research; they enable detailed evaluation of (functional) outcome or 
quality of life after (non-)operative treatment of musculoskeletal (traumatic) injuries 
from a patient’s perspective. Generic instruments such as quality of life questionnaires 
allow comparison across populations with different injuries or medical conditions. Re-
gion-specific instruments, on the other hand, may give more detailed insight into the 
disabilities, pain, and problems caused by a specific injury. Some instruments are solely 
PROMs, and others combine a patient-reported with a physician-reported part. Numer-
ous generic and region-specific instruments are available (1-6). 
A frequently used instrument for assessing outcome after ankle and hindfoot inju-
ries is the American Orthopaedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot Scale. 
This clinical rating system, developed by Kitaoka et al., combines subjective scores of 
pain and function provided by the patient with objective scores based on the surgeon's 
physical examination of the patient (to assess sagittal motion, hindfoot motion, ankle-
hindfoot stability, and alignment of the ankle-hindfoot) (7). The scale includes nine 
items that can be divided into three subscales (pain, function, and alignment). Pain 
consists of one item with a maximal score of 40 points, indicating no pain. Function 
consists of seven items with a maximal score of 50 points, indicating full function. 
Alignment consists of one item with a maximal score of 10 points, indicating good 
alignment. The maximal score is 100 points, indicating no symptoms or impairments. In 
the original publication, the AOFAS Ankle-Hindfoot Scale was described to be used for 
ankle replacement, ankle arthrodesis, ankle instability operations, subtalar arthrodesis, 
subtalar instability operations, talonavicular arthrodesis, calcaneocuboid arthrodesis, 
calcaneal osteotomy, calcaneus fracture, talus fracture, and ankle fractures (7). 
Evidence that the AOFAS Ankle-Hindfoot Scale (as a complete scale) is valid in its 
original version, is limited (7-9). Poor to moderate correlation of the AOFAS scores to 
the SF-36 subscales may also suggest poor construct validity (10). Adequate responsive-
ness has been shown (8, 9). The physician-reported part of the scale has been shown to 
be valid and reliable (11). Westphal et al. showed correlations between SF-36 and the  
AOFAS Ankle-Hindfoot Scale were strong regarding function and pain subscales, but 
moderate for all other subscales (12). Previous studies involved a wide spectrum of 
diagnoses, such as general ankle-hindfoot complaints (9), pending ankle or foot surgery 
(11), surgically treated calcaneal fractures (12), and end-stage ankle arthritis (8). Some 
of these studies have included mixed populations.  
Despite some favourable results, there is also criticism to the use of the AOFAS Clini-
cal Rating Systems, which includes the AOFAS Ankle-Hindfoot Scale (13). Criticism, 
which includes the limited number of answers per item as well as linguistic issues, may 
negatively affect reliability and validity, and makes it more prone to ceiling effects (13, 
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14). Despite these concerns, the AOFAS Ankle-Hindfoot Scale remains among the most 
commonly used instruments, especially for patients with hindfoot fractures. It is espe-
cially an interesting instrument because it asks for hindfoot-specific complaints or devi-
ations, which are not included in other lower extremity-specific instruments. 
Currently, a validated Dutch translations of the AOFAS Ankle-Hindfoot Scale is not 
available. Therefore, the aim of the first part of the study is to translate and culturally 
adapt the AOFAS Ankle-Hindfoot Scale questionnaire into Dutch. The aim of the second 
part is to evaluate the measurement properties of the AOFAS Ankle-Hindfoot Scale-
Dutch language version (DLV) in patients who sustained a unilateral ankle or hindfoot 
fracture or (fracture) dislocation by assessing descriptive statistics (including floor and 
ceiling effects), internal consistency, construct validity, reproducibility (i.e., test-retest 
reliability, agreement, and smallest detectable change), and responsiveness. Measure-
ment properties will be calculated for the ankle and hindfoot separately. 
METHODS AND ANALYSIS 
Study design 
This study (protocol version 1.0, date March 24, 2014) will follow a multicenter, pro-
spective, observational study design (i.e., case series). As the research physician and 
patients will complete questionnaires starting at variable time points during treatment, 
this study will have a prospective study design with retrospective data collection with 
regards to the injury and treatment. Three hospitals in Rotterdam (The Netherlands) 
will participate: Erasmus MC, University Medical Center Rotterdam, Ikazia Hospital, and 
Maasstad Hospital. The study is registered at the Netherlands Trial Register (NTR5613), 
registration date January 05, 2016. 
Recruitment and consent 
All consecutive patients meeting the eligibility criteria (and none of the exclusion crite-
ria) will be included. Participation in this study will not have any influence on treatment. 
Prior to their outpatient department visit, eligible patients will be invited to participate. 
Verbal and written information will be given by the principal investigator, research phy-
sician, or a research assistant. Written materials will include an information letter, in-
formed consent form, and return envelope. A reminder will be sent to those patients 
who did not respond within two weeks, in order to ensure a high response rate. If no 
response is received within three weeks, the patient will be contacted by telephone. 
In order to reduce bias as much as possible, a research physician (MD with clinical 
experience) or research assistant (with a BSc in Medicine) will perform the physical 
examination that is part of the physician-reported part of the AOFAS Ankle-Hindfoot 
Scale-DLV using a standardized protocol. Both assessors received elaborate training on 
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the administration and physical examination of the AOFAS Ankle-Hindfoot Scale by an 
experienced trauma surgeon. 
Study population 
All adult patients who visited the Emergency Department of any of the participating 
hospitals and were diagnosed with a unilateral ankle or hindfoot fracture or (fracture) 
dislocation will be considered eligible for inclusion. Measurement properties will be 
assessed for the ankle and the hindfoot subgroups separately. Patients will be identified 
from hospital records based upon their ICD-10 (International Coding of Diseases, 10th 
revision) code or Diagnosis Related Group (DRG; in Dutch, DBC) code.  
Three subgroups of patients will be enrolled. In group 1 (test of pre-final version) the 
pre-final version of the AOFAS Ankle-Hindfoot Scale-DLV will be completed. In group 2 
(responsiveness) and group 3 (test-retest) the final version of the Dutch AOFAS Ankle-
Hindfoot-DLV questionnaire will be completed on two occasions, with 5-6 months 
(group 2) or 2-3 weeks (group 3) in between. 
In order to be eligible to participate in this part of the study, a patient must meet all of 
the following criteria: 
 
1) Patients with a unilateral ankle or hindfoot fracture or (fracture) dislocation (i.e., 
Ankle-Hindfoot: ankle fracture, calcaneal fracture, talar fracture, subtalar disloca-
tion, tibiotalar dislocation, or Chopart's fracture dislocation) 
2) Age 18 years or older 
3) Group 2 only: Treatment started between six weeks and three months (ankle) or 
between three and six months (hindfoot) prior to the start of the study 
4) Group 3 only: treatment has started between seven and nine months (ankle) or 
between six and 24 months (hindfoot) prior to the start of the study 
5) Provision of informed consent by patient 
A potential subject who meets any of the following criteria will be excluded from partic-
ipation in this study: 
 
1) Multiple trauma patient (only if functional recovery of additional injuries was not 
achieved at time of enrolment, as that likely affects the outcome scores) 
2) Pathological fracture 
3) Severe physical comorbidity (i.e., American Society of Anesthesiologists (ASA) ≥3)  
4) Patient was non-ambulatory prior to the injury (i.e., bed or wheelchair-bound) 
5) Insufficient comprehension of the Dutch language to understand and complete the 
questionnaires 
6) Patient with expected problems of maintaining follow-up (e.g., no fixed address) 
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For testing the pre-final version of the Dutch AOFAS Ankle-Hindfoot Scale-DLV (group 
1), only exclusion criteria 5 and 6 will apply. 
Patients are allowed to participate in group 2 and 3, and if so, the second question-
naire for responsiveness will also be used as first questionnaire for test-retest reliability. 
Table 1 shows a summary of the injuries, identifying codes, and measurements times of 
this study. 
Table 1: Overview of injuries, identifying codes, and measurement times 
Group Injury Identifying code  Responsiveness  Test retest reliability 
    ICD-10 DRG t=1 t=2 t=1 t=2 
Ankle Ankle fracture S825, S826 224 1.5-3 mo + 5-6 mo 7-9 mo + 2-3 we 
Hindfoot Calcaneal fracture S920 236, 237 3-6 mo + 5-6 mo 6-24 mo + 2-3 we 
  Talar fracture S921 241     
  Subtalar dislocation       
  Tibiotalar dislocation S930      
  Chopart's fracture 
Dislocation 
      
ICD-10, International Coding of Diseases, 10th revision; DRG, Diagnosis Related Group; mo, months; we, 
weeks. 
Outcome measures 
The measurement properties of the AOFAS Ankle-Hindfoot Scale-DLV will be evaluated 
in this validation study. The following parameters will be determined: 
• Construct validity 
• Reliability / Internal consistency 
• Reproducibility: Test-retest reliability, agreement, and Smallest Detectable Change 
• Floor and ceiling effects 
• Responsiveness 
In addition to the outcome variables mentioned above, the following data will be col-
lected from the patients’ medical files: 
a) Intrinsic variables (baseline data): age, gender, and dominant side. 
b) Injury-related variables: affected side, trauma mechanism, type of injury. 
c) Intervention- and outcome-related variables: type of treatment (operative or non-
operative), time between injury and start of treatment, achievement of anatomic 
restoration as judged from X-ray or CT-scan (i.e., < 2mm articular step-off or gap). 
Study procedures 
The study will be divided into two stages. First, the American (original) version of the 
AOFAS Hindfoot-Ankle Scale will be translated into Dutch according to a standardized 
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procedure (15). Second, the translated version will be tested for measurement proper-
ties in a prospective study. 
Step 1: Translation of the questionnaire 
The translation and cultural adaptation of the AOFAS Ankle-Hindfoot Scale question-
naire will be done according to the guideline for Cross Cultural Adaptation of Self-
Report Measures by Beaton et al. (15). This guideline is based on the review of Guille-
min et al. (16) and is the official guideline of the American Academy of Orthopaedic 
Surgeons. The guideline consists of five stages: (1) translation; (2) synthesis; (3) back 
translation; (4) evaluation by a team of experts; and (5) tests. 
In stage one, the English version of the questionnaire will be translated into Dutch 
independently by two Dutch native speakers who are fluent in English. One person will 
have knowledge of medicine and the questionnaire, the other will not necessarily. 
In stage two, both translations will be combined by the two translators and a team 
of experts; this team will consist of at least two independent observers. The synthesis 
process will be carefully documented in a written report. Differences will be resolved by 
consensus. 
In stage three, two persons will independently translate the synthesized Dutch ques-
tionnaire back into English. Both translators will be bilingual native English speakers. 
Neither translator will receive any background information on the study or the ques-
tionnaire. They will have no medical background, will be blind to the original version of 
the questionnaire and will not be aware or informed about the concepts explored in it. 
With this back-translation process, the content validity of the questionnaire is checked 
in order to make sure that the translated version is reflecting the same item content as 
the original version. Unclear wording in the translated version can be discovered in this 
stage. 
In stage four, the investigator, the translators and the same team of experts will re-
view the two back-translations. Equivalence between the original and Dutch versions of 
the questionnaire shall be reached in four areas: semantic equivalence (ensuring that 
the words mean the same thing), idiomatic equivalence (ensuring that colloquialisms or 
idioms are formulated in equivalent expressions), experiential equivalence (ensuring 
that each item captures the experience of daily life in the target culture), and conceptu-
al equivalence (ensuring that words hold the same conceptual meaning). Discrepancies 
will be resolved by consensus. This stage will result in the pre-final Dutch versions of the 
questionnaire. 
In stage five, these pre-final Dutch version will be tested in a group of 20 patients 
(group 1) presenting themselves with various foot/ankle problems to the outpatient 
clinic of one of the participating hospitals. These patients will be asked if they under-
stand the questions and if they are able to provide answers to the questions. If all pa-
tients report that this is the case and if there are no ambiguities, no further changes to 
the questionnaires will be necessary; at that point the translated questionnaire will be 
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considered final. The measurement properties of this version will be assessed in Dutch 
patients as described below. 
Step 2: Determining measurement properties of the AOFAS Ankle-Hindfoot Scale-DLV 
Patient groups 2 and 3 will be used for this evaluation. 
• Group 2 (responsiveness) will consist of patients who were (surgically) treated at a 
participating hospital, between six weeks and three months earlier (ankle) or be-
tween three and six months earlier (hindfoot). 
• Group 3 (test-retest) will consist of patients who were (surgically) treated at a partic-
ipating hospital, between seven and nine months earlier (ankle) or between six and 
24 months earlier (hindfoot). 
In groups 2 and 3 three questionnaires will be completed during the patient’s outpa-
tient department visit; the AOFAS Ankle-Hindfoot Scale-DLV, the Foot Function Index 
(FFI-DLV) (2), and the Short Form Health Survey (SF-36-DLV) (17). These instruments 
were chosen since they were also used for the validation of the original language ver-
sion (8). The research physician or research assistant will complete the AOFAS Ankle-
Hindfoot Scale-DLV during the outpatient department visit. If a patient is unable or 
unwilling to come to the hospital, a home visit may be planned. 
The Foot Function Index (FFI) measures the effect of foot pathology on function in 
terms of pain and disability. The FFI consists of 23 items divided into three subscales: 
limitation, pain, and disability. The items are scored on a 10-point Likert scale. For each 
subscale, the raw score is transformed to a 100-point score; the higher the score, the 
more limitation/pain/ disability is present. The total score on the FFI is the mean of the 
subscale scores (2). Adequate internal consistency, reproducibility and reliability as well 
as strong correlation with SF-36 have been reported for patients with traumatic foot 
disorders in some languages (2, 18, 19). The FFI-DLV will be used (2). 
The Short Form Health Survey (SF-36) is a generic health status questionnaire that 
gives an indication of health-related quality of life (20-27). The SF-36 consists of 36 
items (questions) and provides scores on eight dimensions (subscales): physical func-
tioning (PF), role limitations due to physical health problems (RP), bodily pain (BP), gen-
eral health perceptions (GH), vitality (VT), social functioning (SF), role limitations due to 
emotional problems (RE), and general mental health (MH). These eight domains are 
combined into a Physical Component Summary (PCS) and a Mental Component Sum-
mary (MCS). The raw score on each subscale is transferred to a 100-point scale, with a 
higher score indicating better quality of life. These scores will be converted to a norm-
based score and compared with the norms for the general population of the United 
States (1998), in which each scale was scored to have the same average (50 points) and 
the same standard deviation (10 points). Dutch norms are available, but will not be 
used. The Dutch norms were calculated using a smaller sample size than the American 
study. Moreover, most published studies have used the American norms. On a study 
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population level the means and median values were similar when using the Dutch or 
American norms, but variance was larger using the Dutch norms than when using the 
US norms (28). The SF-36 is the most widely evaluated patient-reported outcome 
measure for assessing general health (29). It is reliable and easy to complete. A validat-
ed Dutch version will be used (17). 
In order to determine whether the AOFAS Ankle-Hindfoot Scale-DLV is able to detect 
clinical change over time, patients in group 2 will be asked to complete all question-
naires again after five to six months after completing them the first time. A research 
physician or research assistant will complete the AOFAS Ankle-Hindfoot Scale-DLV. For 
responsiveness, this time interval should be sufficiently long enough for clinical im-
provement to occur. We consider a time interval of five to six months to be appropriate 
for all three groups of injuries. 
In order to determine the reproducibility (i.e., test-retest reliability) of the AOFAS 
Ankle-Hindfoot Scale-DLV, all questionnaires will be completed again at two to three 
weeks after completing them the first time (group 3). For test-retest reliability, this time 
interval needs to be sufficiently short to support the assumption that the patient re-
mains stable and sufficiently long to prevent recall. We consider a time interval of 2-3 
weeks to be appropriate. Patients are asked about presence or absence of change be-
tween the two questionnaire administrations. They were asked to complete a transition 
item (anchor question) evaluating their perception of change in the general condition of 
their affected ankle. The question was: How would you judge the condition of your 
ankle, compared with the last time you completed this questionnaire? Patients were 
given the answer options ‘better’, ’no change’, or ‘worse’. Patients reporting a change 
(either improvement or deterioration) will be excluded from the analysis. Patients who 
replied ‘no change’ were considered stable between the two measurements. 
Sample size calculation 
The pre-final Dutch version of the instrument will be tested in a group of 20 patients 
(group 1) presenting themselves with various foot/ankle problems to the outpatient 
clinic of the Erasmus MC (Rotterdam), Ikazia Hospital (Rotterdam), or Maasstad Hospital 
(Rotterdam). 
For groups 2 and 3, recruitment of both the ankle and the hindfoot injury subgroups 
will continue until complete follow up is ensured for 100 patients. The minimum num-
ber of patients needed for determining measurement properties of a PROM depends on 
the property evaluated. Validity can only be rated positive if at least 75% of the results 
are in correspondence with prespecified hypotheses, in (sub)groups of at least 50 pa-
tients (30). For calculating the Smallest Detectable Change (SDC) as well as for the as-
sessment of the agreement parameters (reproducibility), a sample size of at least 50 
patients is generally considered adequate (30, 31). The (absence of) floor and ceiling 
effects also requires a sample size of at least 50 patients. In order to perform a factor 
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analysis (to determine if the AOFAS Ankle-Hindfoot Scale-DLV consists of multiple sub-
scales), however, four to ten patients for each item are advised with a minimum of 100 
patients (30, 32). The sample size needed applies both to patients with ankle injuries 
and hindfoot injuries. 
Statistical analysis 
Data will be entered into an OpenClinical database. Data will be encoded, and a random 
sample of entered data will be checked by an independent data monitoring committee. 
Only the research team, the Medical Research Ethics Committee (MREC), and the health 
inspection will have legal access to the data. 
All statistical analyses will be performed with the Statistical Package for Social Sci-
ences (SPSS, version 21 or higher) and will be reported following the STrengthening the 
Reporting of OBservational studies in Epidemiology (STROBE) and the COnsensus-based 
Standards for the selection of health Measurement Instruments (COSMIN) guidelines. 
Descriptive statistics will be used in order to describe the main characteristics of the 
study participants and the questionnaire scores at the different time points. Data for 
patients with ankle or hindfoot injuries will be evaluated as two separate groups. 
As the raw data for individual items will be analyzed, missing values will not be im-
puted. Normality of continuous data will be tested with the Shapiro-Wilk test. Descrip-
tive analysis will be performed; continuous data will be reported as mean ± standard 
deviation (SD) (parametric) or median with percentiles (non-parametric) and categorical 
data as numbers with percentages. 
In order to evaluate if a representative sample participated in this study, the age, 
gender, and injury location of responders will be compared with that of the non-
participants. The categorical variables gender and injury location will be assessed using 
a Chi-squared test. Age will be compared using a Student’s T-test (parametric data) or 
Mann-Whitney U-test (parametric data). 
Construct validity 
Validity is the degree to which a patient-reported outcome instrument measures the 
construct it is supposed to measure. As there is no gold standard in the current study, 
the validity of the AOFAS Ankle-Hindfoot Scale-DLV will be expressed in terms of the 
construct validity. Construct validity refers to the extent to which scores on a specific 
questionnaire relate to other measures in a way that is in agreement with prior theoret-
ically derived hypotheses concerning the concepts that are being measured (30). In 
order to evaluate the construct validity of the AOFAS Ankle-Hindfoot Scale-DLV, we will 
formulate a set of hypotheses about the expected magnitude and direction of relation-
ships between the AOFAS (sub)scores and the FFI and the SF-36 (sub)scores. Pearson’s 
product-moment correlation coefficients (parametric data) or Spearman’s Rho (rank 
correlation) coefficients (non-parametric correlation) will be calculated in order to as-
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sess construct validity. Correlation coefficients above 0.6, between 0.6 and 0.3 and less 
than 0.3 will be considered high, moderate, and low correlations, respectively (33). The 
AOFAS Ankle-Hindfoot Scale is expected to have a high correlation with pain and func-
tion (sub)scales (i.e., FFI total score and all three subscales, SF-36 PF, RP, BP, and PCS), a 
moderate correlation with the SF-36 VT, SF and RE subscales, and a low correlation with 
SF-36 GH, MH, and MCS. Construct validity will be given a positive rating if at least 75% 
of the results are in accordance with predefined hypotheses in a (sub)sample of at least 
50 patients (30).  
Reliability / internal consistency 
Reliability is defined as the degree to which the measurement is free from measure-
ment error (34). Three elements of reliability will be determined: internal consistency, 
reproducibility, and measurement error. 
Internal consistency is defined as the extent to which items in a (sub)scale are inter-
correlated, thus measuring the same construct (30). The correlation between items on a 
(sub)scale will be evaluated by calculating Cronbach’s alpha for every (sub)scale. Since 
future use of the AOFAS instrument will be at a group level, internal consistency is con-
sidered sufficient if the value for Cronbach’s alpha is between 0.70 and 0.95, provided 
that the scale is unidimensional (30, 35). If necessary, confirmatory or exploratory factor 
analysis will be performed, as applicable. 
Reproducibility 
Reproducibility concerns the degree to which repeated measurements in stable persons 
(test-retest) provide similar answers (30). Reproducibility is suggested to consist of two 
parts: reliability and agreement (36, 37). The data of group 3 will be used; they will 
complete all questionnaires twice, with 2-3 weeks in between. Only data for patients 
reporting ‘no change’ on the transition item are included as they were considered to be 
stable between the measurements. 
Reliability concerns the degree to which patients can be distinguished from each 
other, despite measurement error (30, 38). Evaluation of the test-retest reliability of the 
AOFAS Ankle-Hindfoot Scale-DLV will be performed by calculating the intraclass correla-
tion coefficient (ICCagreement) with corresponding 95% confidence interval (CI). An ICC 
two-way random effects model, type absolute agreement (ICC(2,1)), will be used (39). 
Reliability will be given a positive rating when the ICC is at least 0.70 in a sample size of 
at least 50 patients (30). 
Agreement concerns the absolute measurement error, i.e., how close the scores on 
repeated measures are, expressed in the unit of the measurement scale at issue (30). 
The degree of absolute agreement of the AOFAS Ankle-Hindfoot Scale-DLV will be ex-
pressed as the standard error of measurement (SEMagreement). This SEM equals the 
square root of the error variance of an analysis of variance (ANOVA) analysis, including 
the systematic differences (SEM = √(variancepatient + varianceresidual) (30, 40, 41). 
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Based upon the SEM, the Smallest Detectable Change (SDC) will be calculated using 
the formula; SDC = 1.96 x √2 x SEM.(30) The SDC reflects the smallest within-person 
change in a score that, with P < 0.05, can be interpreted as a ‘‘real’’ change, above 
measurement error, in one individual (SDCind).(30, 42, 43) The SDC measurable in a 
group of people (SDCgroup) will be calculated by dividing the SDCind by √n (43, 44). Finally, 
the reliable change index (RCI) will be calculated, representing the SDC as a percentage 
of the maximum obtainable score. 
The degree of absolute agreement of the AOFAS Ankle-Hindfoot Scale-DLV will also 
be determined with a Bland and Altman analysis (45). The limits of agreement equal the 
mean change in scores of repeated measurements (meanchange) ± 1.96 x standard devia-
tion of these changes (SDchange) (30). Zero falling outside this interval indicates a bias in 
the measurements. 
Floor and ceiling effects 
The validity, reliability and responsiveness of a questionnaire may be jeopardized if floor 
or ceiling effects are present. It is then likely that extreme items are missing in the lower 
or upper ends of the questionnaire. As a consequence, respondents with the lowest or 
highest possible score cannot be distinguished from each other (indicating limited relia-
bility) and changes in these patients cannot be measured (indicating limited respon-
siveness) (30). Floor and ceiling effects will be determined by calculating the number of 
individuals that obtained the lowest (0 points; floor) or highest (100 points; ceiling) 
scores possible and will be considered present if more than 15% of the respondents 
achieved the lowest or highest score in a sample size of at least 50 patients (30, 46). 
Floor and ceiling effects will be determined separately for the different time points. 
Responsiveness 
Responsiveness is defined as the ability of a questionnaire to detect clinically important 
changes over time, even if these changes are small (30, 47). The data of group 2 will be 
used; they will complete all questionnaires twice, with 5-6 months in between.  
The effect size (ES) and standardized response mean (SRM) of the (sub)scales of the 
AOFAS Ankle-Hindfoot Scale-DLV will be determined as measures of the magnitude of 
change over time. The ES will be calculated by dividing the mean change in score be-
tween the two time points by the standard deviation of the first measurement (48). The 
SRM will be calculated by dividing the mean change in score between two time points 
by the standard deviation of this change (48). These effect estimates will be interpreted 
according to Cohen: a SRM of 0.2-0.4 is considered a small effect, 0.5-0.7 a moderate, 
and 0.8 or higher a large effect (49). 
Responsiveness can be considered to be a measure of longitudinal validity. In analo-
gy to construct validity, this longitudinal validity will be assessed by testing predefined 
hypotheses about expected correlations between changes in AOFAS Ankle-Hindfoot 
Scale-DLV (sub)scales versus changes in FFI and SF-36 (sub)scales (30). Change scores of 
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the AOFAS Ankle-Hindfoot Scale are expected to have a moderate correlation with 
changes in the FFI (sub)scales, SF-36 PF, RP, BP, VT, SF, RE, and PCS. A low correlation is 
expected with changes in the SF-36 GH, MH, and MCS.  
ETHICS AND DISSEMINATION 
This study will be conducted according to the principles of the Declaration of Helsinki 
(64th World Medical Association General Assembly, Fortaleza, Brazil, October 2013). 
This study has been exempted by the medical research ethics committee (MREC) Eras-
mus MC (Rotterdam, The Netherlands). This MREC acts as central ethics committee for 
this trial (reference number MEC-2014-215). Approval has been obtained from the local 
hospital boards in all participating centers. Following review of the protocol, the MREC 
concluded that this study is not subject to the Medical Research Involving Human Sub-
jects Act (WMO). They concluded that the study is a medical/scientific research, but no 
patients are subjected to procedures or are required to follow rules of behavior. Conse-
quently, the statutory obligation to provide insurance for subjects participating in medi-
cal research (article 7 of the WMO) was also waived. Any important changes in the 
protocol will be submitted to the accredited MREC. The results of the study are planned 
to be published in an international, peer reviewed journal. Results of the ankle and 
hindfoot injury subgroups will be published separately.  
DISCUSSION 
Modern studies that evaluate treatment efficacy are expected to also take into account 
the treatment outcome from a patient’s perspective. Clinical measures such as mortali-
ty, radiographic healing, and rates of complications, re-operation, and readmission are 
relevant; however, they do not reflect to what extent a patient is able to function in 
daily living. For that purpose, PROMs and mixed instruments, which combine a patient-
reported and a physician-reported part, have been developed. There is a great need for 
valid instruments in different languages. 
The AOFAS Ankle-Hindfoot Scale is commonly used in patients with an ankle or hind-
foot injury. This instrument combines functional outcome and pain, which are both 
critical for patients. The AOFAS Ankle-Hindfoot Scale is only valid if the score truly re-
flects function and pain. Completing the questionnaire in duplicate should result in the 
same score, and during recovery, the change in score should reflect change in function-
al status of the patient. Both elements of validity of the instrument are determined as 
part of this study. We expect that the AOFAS Ankle-Hindfoot Scale-DLV will prove valid 
and reliable, giving objective quantitative scores for patients’ function and pain after 
trauma to the ankle or hindfoot. If the data confirm this, the instrument will be available 
Chapter 9 
182 
for comparing outcome in future studies, and for comparing treatment outcome across 
hospitals or between patient groups. Especially the SDC and MIC will reveal important 
information for sample size calculations in future studies. 
Three hospitals in the Netherlands will participate. Inclusion of patients has started 
May 2014 and the expectation is to include all patients within two years for ankle inju-
ries and three years for hindfoot injuries. With a maximum follow-up of 6.5 months the 
presentation of data will be expected by end-2016 and end-2017, respectively. 
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ABSTRACT 
Objectives: The American Orthopedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot 
Scale is among the most used questionnaires for measuring functional recovery after a 
hindfoot injury. Recently this instrument was translated and culturally adapted into a 
Dutch version. In this study the measurement properties of the Dutch Language Version 
(DLV) were investigated in patients with a unilateral hindfoot fracture. 
Design: Multicenter, prospective observational study. 
Setting: This multicenter study was conducted in three Dutch hospitals. 
Participants: In total 118 patients with a unilateral hindfoot fracture were included. 
Three patients were lost to follow up. 
Primary and secondary outcome measures: Patients were asked to complete the AOFAS-
DLV, the Foot Function Index (FFI), and the Short Form-36 (SF-36) on three occasions. 
Descriptive statistics (including floor and ceiling effects), reliability (i.e., internal con-
sistency), construct validity, reproducibility (i.e., test-retest reliability, agreement, and 
smallest detectable change), and responsiveness were determined. 
Results: Internal consistency was inadequate for the AOFAS-DLV total scale (α=0.585), 
but adequate for the function subscale (α=0.863). The questionnaire had adequate 
construct validity (82.4% of predefined hypotheses were confirmed), but inadequate 
longitudinal validity (70.6%). No floor effects were found, but ceiling effects were pre-
sent in all AOFAS-DLV (sub)scales, most pronounced from 6-24 months after trauma 
onwards. Responsiveness was only adequate for the pain and alignment subscales, with 
a smallest detectable change of 1.7 points.  
Conclusions: The AOFAS Ankle-Hindfoot Scale DLV has adequate construct validity and is 
reliable, making it a suitable instrument for cross-sectional studies investigating func-
tional outcome in patients with a hindfoot fracture. The inadequate longitudinal validity 
and responsiveness, however, hamper the use of the questionnaire in longitudinal stud-
ies and for assessing long-term functional outcome.  
Trial Registration: Netherlands Trial Register (NTR5613; 05-jan-2016). 
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BACKGROUND 
Hindfoot fractures are rare, but invalidating injuries. Since most patients are in their 
wage-earning age combined with the long-term disabilities, these injuries have a high 
socio-economic impact (1, 2). The incidence rate of calcaneal fractures is 11.5 per 
100,000 person years and these fractures occur 2.4 times more frequently in males 
than females (3). Fractures of the talus are even more rare with a reported annual inci-
dence of 3.2 per 100,000, and occur 4.5 times more often in men (4). Despite the facts 
that these fractures are relative rare they have received considerable attention in re-
cent literature, presumable by the long-term recovery and therewith-socioeconomic 
burden.  
In order to monitor functional outcome, quality of life, and recovery after treatment, 
Patient-Reported Outcome Measures (PROMs) and other instruments are increasingly 
used in clinical practice and clinical research. The American Orthopedic Foot and Ankle 
Society (AOFAS) Ankle-Hindfoot Scale is one of the most used assessment tools in foot 
surgery (5). This clinical rating system combines a patient-reported part and a physician-
reported part. In its original language version the AOFAS Ankle-Hindfoot Scale, as a 
complete scale has been shown to be responsive and valid (6-9). The study populations 
involved non-traumatic diagnoses, such as general ankle-hindfoot complaints (8), pend-
ing ankle or foot surgery (10), and end-stage ankle osteoarthritis (7).  
Recently, a Dutch version of the AOFAS Ankle-Hindfoot Scale became available (11). 
It was translated and culturally adapted to the Dutch population according to the guide-
line for Cross Cultural Adaptation of Self-Report Measures (12, 13). The AOFAS Ankle-
Hindfoot Scale was shown to be valid, reliable, and responsive in patients with an ankle 
fracture (11). The current study aimed to determine the measurement properties of the 
AOFAS-DLV in patients who sustained a hindfoot fracture. 
METHODS  
Study design and ethics statement 
This multicenter, prospective, observational study was performed at three hospitals. 
The study is registered at the Netherlands Trial Register (NTR5613). A detailed study 
protocol is published elsewhere (13). The Medical Research Ethics Committees or Local 
Ethics Boards of all participating centers approved the study. 
Patient recruitment 
Patients were recruited from May 1, 2014 to November 1, 2016. Patients were identi-
fied from hospital records, based upon their ICD-10 (International Coding of Diseases, 
10th revision) code or Diagnosis Related Group code. Inclusion criteria were; 1) unilat-
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eral hindfoot fracture; 2) age 18 years or older; and 3) provision of informed consent. 
Exclusion criteria were; 1) multiple trauma affecting the outcome scores); 2) pathologi-
cal fracture; 3) severe physical comorbidity (i.e., American Society of Anaesthesiologists 
(ASA) ≥3); 4) patient was non-ambulatory prior to the injury; 5) insufficient comprehen-
sion of the Dutch language; and 6) expected problems of maintaining follow-up. 
A total of 118 individual patients were included; 78 completed t=1 and t=2, 113 
completed t=2 and t=3 (Figure 1). Three patients were lost to follow-up during the 
course of the study.  
The median age was 51 years (P25 -P75 36-58) and the majority of patients (N=69; 
61.1%) were male (Table 1). The most common injuries were calcaneal fractures (N=82; 
72.6%) and talar fractures (N=36; 31.9%). Fractures were mostly treated non-
operatively (N=72; 73.6%) 
 
Figure 1: Flowchart 
The number of patients in each particular group is shown between square brackets.  
a Patients who participated in both groups 
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Table 1: Demographic data for the study population 
Variable Outcome 
Age (years) 51 (36-58) 
Male gender 69 (61.1%) 
Right side affected 101 (89.4%) 
Dominant side affected 60 (53.1%) 
Calcaneal fracture 82 (72.6%) 
Talar fracture 36 (31.9%) 
Chopart luxation 1 (0.9%) 
Closed fracture 113 (100.0%) 
Treatment  Non-operative 72 (73.6%) 
     Operative 41 (36.3%) 
Data are shown as median (P25-P75) or as N (%), as applicable. 
Questionnaires and data collection 
Demographic, injury, and treatment data were collected from the patient’s medical 
files. To complete the physician-reported part of the AOFAS Ankle-Hindfoot Scale-DLV, a 
research physician or research assistant performed the physical examination using a 
standardized protocol. Patients were asked to complete the AOFAS-DLV patient-
reported part, Foot Function Index (FFI-DLV), and the Short Form Health Survey (SF-36-
DLV) questionnaires on three occasions: between 3-6 months after trauma (t=1), 5-6 
months later (t=2), and 2-3 weeks later (t=3). Patients were allowed to participate in 
both the responsiveness and test-retest part. A physician completed the physician-
reported part of the AOFAS-DLV. 
The AOFAS Ankle-Hindfoot Scale consists of three subscales; pain, function, and 
alignment and includes a total of nine items. The minimum score is 0 points (indicating 
severe pain and impairment), the maximum score is 100 points (no impairment). 
The FFI is a questionnaire, which focusses on disabilities and measures the impact of 
foot disorders. The FFI includes three subscales: pain, disability, and activity limitations, 
which are spread over a total of 23 items. In this scoring system a score of 0 points 
means ‘no disability’, 100 points implies the highest level of disability (14). 
The SF-36 Health Survey is a generic measure of health status (15-22). It consists of 
36 items, representing eight domains that are grouped into a Physical Component 
Summary (PCS) and a Mental Component Summary (MCS). All (sub)scales are normal-
ized to a mean of 50 points with a standard deviation of 10 points. 
Statistical analysis 
Statistical Package for Social Sciences (SPSS, version 21) was used for analysis. Data are 
reported following the STrengthening the Reporting of OBservational studies in Epide-
miology (STROBE) (23). Missing data were not imputed. Patient characteristics and 
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questionnaire scores were analyzed using descriptive statistics. Measurement proper-
ties of the AOFAS Ankle-Hindfoot Scale were determined in compliance with the COn-
sensus-based Standards for the selection of health Measurement Instruments (COS-
MIN) guidelines (24). The already validated FFI and SF-36 (sub)scales were used to com-
pare the AOFAS-DLV with. A summary of the measurement properties and statistical 
analysis is given in Table 2. A more detailed description is published in the study proto-
col (13).  
Table 2: Overview of measurement properties and definitions used 
Measurement property Definition/calculation Result Data 
Floor and ceiling 
effects 
Percentage of participants with lowest or 
highest possible score 
>15% (13, 30, 31) T1-T3 
Reliability    
Internal consistency Cronbach’s alpha value for (sub)scales 
 
0.70-0.95 for unidimensional 
(sub)scale (31) 
T1 
Construct validity Spearman rank correlation (r) of scores 
between (sub)scales (31). 
Strength of correlation categorized as high 
(r > 0.6), moderate (0.3 < r < 0.6), or low  
(r < 0.3) (32) 
≥75% of correlations in line with 
predefined hypotheses at n ≥ 50 
(Supplemental Table 1A, B) (31) 
T1 
Test-retest reliability     
ICCagreement ICCagreement with 95% CI >0.70 at n ≥ 50 (31) T2, T3 
Absolute agreement    
SEMagreement and SDC SDCindividual = 1.96 x √2 x SEM (31) 
SDCgroup = SDCind / √n (33, 34) 
 T2, T3 
RCI RCI = SDCgroup / maximum score * 100%  T2, T3 
Bland Altman 
analysis  
95% Limits of agreement = (meanchange T3-T2) 
± 1.96 x SDchange (31) (35) 
Zero outside interval indicates 
measurement bias 
T2, T3 
Responsiveness    
Longitudinal validity Spearman rank correlation of changes in 
scores (Score T2 – Score T1) between 
(sub)scales (31). Strength of correlation 
categorized as high (r > 0.6), moderate  
(0.3 < r < 0.6), or low (r < 0.3) (32) 
≥75% of correlations in line with 
predefined hypotheses at n ≥ 50 
(Supplemental Table 1A, B) (31) 
T1, T2 
Magnitude of change    
ES ES = (Score T2 – Score T1) / SD T1 (31). Effect 
rated as small (0.2-0.4), moderate (0.5-
0.7), or large (≥0.8) (36) 
 T1, T2 
SRM SRM = (Score T2 – Score T1) / SD change (31). 
Effect rated as small (0.2-0.4), moderate 
(0.5-0.7), or large (≥0.8) (36) 
 T1, T2 
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RESULTS 
The changes over time in AOFAS-total, FFI-total, SF-36 PCS and SF-36 MCS are shown in 
Figure 2. In the period from t=1 to t=2, the AOFAS, SF-36 PCS, and (less pronounced) SF-
36 MCS increased in scores. The FFI score decreases as expected, since this question-
naire focusses on disabilities. Scores at t=2 and t=3 were similar for all instruments. 
 
Figure 2: AOFAS Ankle-Hindfoot (A), Foot Function Index (B), Short Form-36 PCS (C), and SF-36 MCS (D) scores 
at each follow-up visit in patients with an ankle fracture  
AOFAS, American Orthopedic Foot and Ankle Society; FFI, Foot Function Index; MCS, Mental Component 
Summary; PCS, Physical Component Summary; SF-36, Short Form-36. 
Floor and ceiling effects 
A floor effect was only present in the SF-36 RP and RE subscales at all follow-up mo-
ments. The percentage of patients reporting the minimum score varied between 52.6% 
(t=1) and 32.4% (t=3) for SF36 RP and between 25.6% (t=1) and 19.0% (t=3) for the SF36 
RE subscale (Figure 3A).  
Ceiling effects were seen in several (sub)scales, especially at longer follow-up (Figure 
3B). The AOFAS as a total scale only showed a ceiling effect at t=3; 16.2% of patients 
reported the maximum score. The AOFAS pain and alignment subscales had a ceiling 
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effect from the t=1 onwards (12.8% and 62.8%, respectively). The AOFAS function sub-
scale showed ceiling effects from t=2 onwards (22.7%). The FFI pain and disability sub-
scales showed ceiling effects from t=2 onwards. The FFI limitation, SF-36 RP, SF, and RE 
subscales showed ceiling effects at all follow-up moments.  
 
 
Figure 3. Floor effects (A) and ceiling effects (B) of the instruments used in patients with a hindfoot fracture 
Out of a maximum of 78 at t=1, N=77 for AOFAS function and total, N=78 for AOFAS pain and alignment, and 
for all (sub)scales of FFI and SF-36. 
Out of a maximum of 113 at t=2, N=109 for SF-36 GH, PCS, and MCS, and N=110 for all (sub)scales of the 
AOFAS and FFI, and for all other subscales of the SF-36. 
Out of a maximum of 113 at t=3, N=105 for all (sub)scales of the AOFAS, FFI, and SF-36. 
The dotted line represents the acceptable 15% of patients with the maximum score. Since for the SF-36 PCS 
and MCS none of the patients reported the worst or best possible score, they are not shown. 
RELIABILITY 
Internal consistency 
For the AOFAS total scale the Cronbach’s alpha was 0.585 (Table 3). This may suggest 
inadequate internal consistency, but as the entire scale contains three subscales, this 
value should however be interpreted carefully. The Cronbach’s alpha for the AOFAS 
function subscale was 0.863, representing adequate internal consistency. Being single-
item domains, Cronbach’s alpha could not be determined for the AOFAS pain and 
alignment subscales. 
The FFI scale only showed adequate internal consistency for the subscale Activity 
limitation (α=0.841). The internal consistency was not adequate for the FFI scale as a 
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total (α=0.599) and for the subscales pain (α=0.653) and disability (α=0.558). For the 
total scale, this may be due to the fact that it is not unidimensional. Except for the sub-
scale GH (α=0.627), all SF-36 (sub)scales showed adequate internal consistency. 
Table 3: Internal consistency of the instruments used in patients with a hindfoot fracture 
(Sub)scale  N Number of items Cronbach’s alpha 
AOFAS Total 77 8* 0.585a 
 Pain 77 1 N.A.b 
 Function 77 6* 0.863 
 Alignment 77 1 N.A.b 
FFI Total 78 23 0.599a 
 Pain 78 9 0.635 
 Disability 78 9 0.558 
 Activity limitation 78 5 0.841 
SF-36 Total 78 35 0.916a 
 PF 78 10 0.932 
 RP 78 4 0.875 
 BP 78 2 0.769 
 GH 78 5 0.627 
 VT 78 4 0.757 
 SF 78 2 0.841 
 RE 78 3 0.939 
 MH 78 5 0.803 
 PCS 78 21 0.875a 
 MCS 78 14 0.879a 
Data for t=1 were used. 
a Values should be interpreted carefully because the total scale is not unidimensional. 
b Not applicable, as this subscale consists of one item only. 
Bold and underlined Cronbach alpha values did not exceed the threshold of 0.70. 
AOFAS, American Orthopedic Foot and Ankle Society; BP, bodily pain; FFI, Foot Function Index; GH, general 
health perceptions; MCS, mental component summary; MH, general mental health; N.A., not applicable; PCS, 
physical component summary; PF, physical functioning; RE, role limitations due to emotional problems; RP, 
role limitations due to physical health; SF, social functioning; SF-36, Short Form-36; VT, vitality, energy, or 
fatigue. 
* Question about stability has been removed as all patients scored identical answers. 
Construct validity 
Spearman’s rank correlations regarding construct validity are shown in Table 4. Con-
struct validity was only adequate for the AOFAS scale as a total and the function sub-
scale, in both (sub)scales 82.4% of the predefined hypotheses were predicted correctly. 
For the pain subscale, only 8 out of 17 correlations (47.1%) were in accordance with 
predefined hypotheses. This was 12 (70.6%) for the alignment subscale. Both percent-
ages were below the 75% threshold. 
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Table 4. Construct validity of the instruments in patients with a hindfoot fracture 
(Sub)scale  AOFAS 
  Pain Function Alignment Total 
AOFAS Pain 1 0.12 [77] -0.02 [78] 0.54 [77] 
 Function 0.12 [77] 1 0.31 [77] 0.86 [77] 
 Alignment -0.02 [78] 0.31 [77] 1 0.43 [77] 
 Total 0.54 [77] 0.86 [77] 0.43 [77] 1 
FFI Pain -0.70 [78] -0.38 [77] -0.18 [78] -0.63 [77] 
 Disability -0.28 [78] -0.85 [77] -0.30 [78] -0.84 [77] 
 Activity limitation -0.22 [78] -0.80 [77] -0.37 [78] -0.79 [77] 
 Total -0.40 [78] -0.82 [77] -0.34 [78] -0.88 [77] 
SF-36 PF 0.16 [78] 0.79 [77] 0.30 [78] 0.73 [77] 
 RP 0.30 [78] 0.65 [77] 0.20 [78] 0.66 [77] 
 BP 0.56 [78] 0.48 [77] 0.16 [78] 0.65 [77] 
 GH -0.06 [78] 0.15 [77] 0.22 [78] 0.13 [77] 
 VT 0.18 [78] 0.23 [77] 0.13 [78] 0.29 [77] 
 SF 0.20 [78] 0.54 [77] 0.06 [78] 0.53 [77] 
 RE 0.17 [78] 0.30 [77] -0.02 [78] 0.31 [77] 
 MH 0.15 [78] 0.29 [77] 0.09 [78] 0.31 [77] 
 PCS 0.29 [78] 0.74 [77] 0.33 [78] 0.75 [77] 
 MCS 0.12 [78] 0.12 [77] -0.08 [78] 0.15 [77] 
Data for t=1 were used. Spearman’s rank correlation coefficients are given for all possible combinations of 
(sub)scales, with the N between square brackets. The maximum possible number of patients was 78. 
r > 0.6 indicates high correlation, 0.3 < r > 0.6 moderate correlation, and r < 0.3 low correlation. Bold and 
underlined correlations were not hypothesized correctly. 
AOFAS, American Orthopedic Foot and Ankle Society; BP, bodily pain; FFI, Foot Function Index; GH, general 
health perceptions; MCS, mental component summary; MH, general mental health; PCS, physical component 
summary; PF, physical functioning; RE, role limitations due to emotional problems; RP, role limitations due to 
physical health; SF, social functioning; SF-36, Short Form-36; VT, vitality, energy, or fatigue. 
Reproducibility 
Test-Retest reliability 
The intraclass correlation coefficient, indicating the reliability, of each (sub)scale is 
shown in Table 5. The ICC for all AOFAS (sub)scales ranged from 0.89 to 0.97, indicating 
adequate test-retest reliability. For all FFI and SF-36 (sub)scales, the ICC was also ade-
quate (> 0.70).  
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Table 5. Intraclass correlation coefficient (ICC) and Bland-Altman analysis of the instruments in patients with a 
hindfoot fracture 
(Sub)scale N ICC(2,1) 
(95% CI) 
SEM SDCpatient Max 
score 
RCI (%) Meandifference 
(SD) 
95% Limits of 
agreement 
AOFAS         
 Pain 105 0.89 (0.84-0.92) 0.4 1.1 40 2.8 0.6 (4.8) -8.8 to 9.9 
 Function 105 0.97 (0.95-0.98) 0.1 0.4 50 0.8 0.2 (2.6) -5.0 to 5.4 
 Alignment 105 0.97 (0.96-0.98) 0.1 0.2 10 1.9 0.1 (0.7) -1.3 to 1.4 
 Total 105 0.96 (0.93-0.97) 0.6 1.7 100 1.7 0.9 (5.7) -10.3 to 12.1 
FFI         
 Pain 105 0.92 (0.88-0.95) -1.0 -2.8 100 -2.8 -1.4 (8.8) -18.8 to 15.9 
 Disability 105 0.95 (0.92-0.96) -1.1 -2.9 100 -2.9 -1.5 (8.0) -17.1 to 14.1 
 Limitation 105 0.95 (0.92-0.97) -1.0 -2.9 100 -2.9 -1.5 (6.1) -13.5 to 10.5 
 Total 105 0.95 (0.92-0.96) -1.0 -2.9 100 -2.9 -1.5 (6.6) -14.5 to 11.5 
SF-36         
 PF 105 0.91 (0.87-0.94) 0.09 0.24 56.76 0.4 0.12 (4.67) -9.03 to 9.28 
 RP 105 0.81 (0.73-0.86) 0.10 0.28 55.56 0.5 0.14 (8.46) -16.43 to 16.72 
 BP 105 0.82 (0.74-0.87) 0.08 0.22 60.40 0.4 0.11 (6.14) -11.90 to 12.14 
 GH 104 0.92 (0.89-0.95) -0.27 -0.76 63.78 -1.2 -0.39 (4.20) -8.62 to 7.85 
 VT 105 0.91 (0.87-0.94) -0.37 -1.03 68.66 -1.5 -0.52 (4.14) -8.63 to 7.58 
 SF 105 0.94 (0.91-0.96) 0.38 1.04 57.33 1.8 0.53 (4.68) -8.64 to 9.71 
 RE 105 0.84 (0.77-0.89) 0.27 0.75 55.66 1.4 0.38 (6.85) -13.03 to 13.80 
 MH 105 0.93 (0.90-0.95) -0.34 -0.95 63.97 -1.5 -0.49 (4.30) -8.92 to 7.94 
 PCS 104 0.85 (0.78-0.89) 0.06 0.16 70.30 0.2 0.08 (5.78) -11.26 to 11.42 
 MCS 104 0.94 (0.92-0.96) -0.11 -0.29 77.92 -0.4 -0.15 (4.24) -8.47 to 8.17 
Change scores were calculated from t=2 to t=3. The maximum possible number of patients was 113. The ICC is 
shown as correlation coefficient with the 95% CI between brackets. The difference in score from t=2 to t=3 is 
shown as mean change with SD.  
Agreement and Smallest Detectable Change 
The level of agreement is indicated by the SDC and the corresponding RCI (Table 5). The 
SDC was 1.7 (RCI: 1.7%) for the AOFAS total scale, -2.9 (RCI: -2.9%) for the FFI total 
scale, 0.16 (RCI: 0.2%) for the SF-36 PCS subscale, and -0.29 (RCI: -0.4%) for the SF-36 
MCS subscale. 
The Bland and Altman analysis shows that for each (sub)scale the 95% Limits of 
Agreement for the mean change in scores contains zero; this confirms that there is no 
bias in measurements (Figure 4 and Table 5). 
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Figure 4. Bland-Altman plots for AOFAS Ankle-Hindfoot (A), Foot Function Index (B), Short Form-36 PCS (C), 
and SF-36 MCS (D) scores in patients with a hindfoot fracture 
Change scores were calculated from t=2 to t=3. 
Each dot represents a single patient. The black line indicates the mean difference. The upper and lower edges 
of the grey box are the 95% limits of agreement. 
AOFAS, American Orthopedic Foot and Ankle Society; FFI, Foot Function Index; MCS, Mental Component 
Summary; PCS, Physical Component Summary; SF-36, Short Form-36. 
Responsiveness 
Spearman’s rank correlation coefficients for longitudinal validity are shown in Table 6. 
Longitudinal validity was adequate for the AOFAS pain and alignment subscale; out of 
17 correlations, 15 (88.2%) were in line with predefined hypotheses for the pain sub-
scale and 17 (100.0%) for the AOFAS alignment subscale. Longitudinal validity was not 
sufficient for the function subscale (10/17; 58.8%) and for the total scale (12/17; 
70.6%).  
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Table 6. Longitudinal validity of the instruments in patients with a hindfoot fracture 
(Sub)scale  AOFAS 
  Pain Function Alignment Total 
AOFAS Pain 1 -0.02 [74] -0.02 [75] 0.80 [74] 
 Function -0.02 [74] 1 -0.07 [74] 0.52 [74] 
 Alignment -0.02 [75] -0.07 [74] 1 0.10 [74] 
 Total 0.80 [74] 0.52 [74] 0.10 [74] 1 
FFI Pain -0.64 [75] -0.08 [74] 0.08 [75] -0.57 [74] 
 Disability -0.11 [75] -0.50 [74] 0.04 [75] -0.39 [74] 
 Activity limitation -0.03 [75] -0.63 [74] -0.06 [75] -0.39 [74] 
 Total -0.32 [75] -0.44 [74] 0.02 [75] -0.54 [74] 
SF-36 PF 0.11 [75] 0.43 [74] -0.07 [75] 0.32 [74] 
 RP 0.13 [75] 0.02 [74] -0.04 [75] 0.15 [74] 
 BP 0.33 [75] 0.05 [74] 0.06 [75] 0.33 [74] 
 GH -0.07 [74] 0.07 [73] 0.29 [74] 0.07 [73] 
 VT 0.00 [75] 0.21 [74] 0.09 [75] 0.18 [74] 
 SF -0.11 [75] 0.31 [74] -0.10 [75] 0.14 [74] 
 RE -0.12 [75] 0.13 [74] 0.00 [75] -0.04 [74] 
 MH 0.02 [75] 0.20 [74] 0.09 [75] 0.14 [74] 
 PCS 0.23 [74] 0.10 [73] 0.09 [74] 0.33 [73] 
 MCS -0.17 [74] 0.13 [73] -0.02 [74] -0.05 [73] 
Change in scores between t=1 and t=2 were used. The maximum possible number of patients was 75. Spear-
man’s rank correlation coefficients are given for all possible combinations of (sub)scales, with the N between 
square brackets. The rest of Table caption is identical to Table 4. 
The Standardized Response Mean (SRM) and the Effect Size (ES) of the instruments are 
shown in Table 7. The magnitude of change was large for the AOFAS total scale (SRM 
0.79, ES 0.63) and moderate for the function subscale (SRM 0.94, ES 0.61). The effect 
sizes were small for the one-item subscales pain (SRM 0.26) and alignment (SRM 0.06).  
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Table 7. Responsiveness: Standardized Response Mean (SRM) and Effect Size (ES) of the instruments in pa-
tients with a hindfoot fracture 
(Sub)scale  N Mean change SDchange SRM SDt=1 ES 
AOFAS Pain 75 3.2 12.4 0.26 10.1 0.32 
 Function 74 7.7 8.2 0.94 12.7 0.61 
 Alignment 75 0.1 2.2 0.06 3.1 0.04 
 Total 74 11.3 14.3 0.79 17.9 0.63 
FFI Pain 75 -9.2 22.9 -0.40 25.1 -0.37 
 Disability 75 -17.4 20.2 -0.86 29.6 -0.59 
 Activity limitation 75 -15.4 23.4 -0.66 29.6 -0.52 
 Total 75 -14.6 16.3 -0.89 24.5 -0.60 
SF-36 PF 75 8.15 9.89 0.82 13.06 0.62 
 RP 75 7.59 12.46 0.61 11.72 0.65 
 BP 75 3.53 10.32 0.34 11.16 0.32 
 GH 74 -0.21 8.18 -0.03 9.23 -0.02 
 VT 75 0.70 8.73 0.08 9.73 0.07 
 SF 75 6.18 15.05 0.41 14.00 0.44 
 RE 75 1.08 15.35 0.07 13.17 0.08 
 MH 75 0.74 8.89 0.08 10.11 0.07 
 PCS 74 6.60 7.65 0.86 10.28 0.64 
 MCS 74 -0.39 11.36 -0.03 11.16 -0.03 
Change scores were calculated from t=1 to t=2. The maximum possible number of patients was 75. 
AOFAS, American Orthopedic Foot and Ankle Society; BP, bodily pain; ES, effect size; FFI, Foot Function Index; 
GH, general health perceptions; MCS, mental component summary; MH, general mental health; PCS, physical 
component summary; PF, physical functioning; RE, role limitations due to emotional problems; RP, role limita-
tions due to physical health; SF, social functioning; SF-36, Short Form-36; SRM, standardized response mean; 
VT, vitality, energy, or fatigue.  
DISCUSSION 
The results of this study showed that the AOFAS Ankle-Hindfoot Scale Dutch Language 
Version (AOFAS-DLV) has adequate construct validity and is reliable for measuring func-
tional outcome in patients with a hindfoot fracture. However, longitudinal validity and 
responsiveness were inadequate in the study population.  
Floor effects were not present for the AOFAS-DLV, but all (sub)scales showed an in-
creasing ceiling effect over time. That suggests that an increasing number of patients 
achieved full recovery over time. This is in line with previous findings (1, 2). The single-
item subscales pain and alignment showed a ceiling effect from t=1 onwards. This could 
be due to the fact that (minor) extra-articular fractures may not be an issue with align-
ment. The high rate of operative treatment may also have improved alignment, espe-
cially for the intra-articular fractures. Alternatively, the limited answers for the pain and 
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alignment subscales and the choice of administering the AOFAS-DLV at 3 to 6 months 
after trauma for the first time, may also have contributed to the ceiling effects. 
Adequate construct validity of the AOFAS total scale and function subscale is also in 
correspondence with previous research (2, 3). The AOFAS subscales pain and alignment 
did not show adequate construct validity, in contrast with earlier data in ankle fractures 
(2). The AOFAS pain and alignment subscales consist only of one item. In the hindfoot 
series, the correlations with other (sub)scales were generally overestimated for the pain 
subscale and underestimated for the alignment subscale. This difference is unlikely due 
to the (heterogeneity) in (sub)scale scores between the ankle and hindfoot fracture 
cohorts. There is also no clear pathophysiological explanation for this difference, other 
than the fact that hindfoot and ankle fractures are different injuries. Another possible 
explanation may be a difference in follow-up moment used for hindfoot and ankle frac-
tures. 
With a Cronbach’s alpha above 0.7, internal consistency of the AOFAS-DLV function 
subscale was adequate. For the total scale, this remains inconclusive; the Cronbach’s 
alpha of 0.585 should be interpreted carefully as the total scale is not unidimensional. In 
ankle fractures (2), ankle sprains (4), and ankle arthroplasty and arthrodesis (5), the 
Cronbach alpha for the total scale ranged from 0.92-0.95. To our knowledge, no recent 
literature on this topic is available for hindfoot fractures. Deleting the pain question 
increases Cronbach’s alpha to 0.843 (data not shown). This may suggest that the pain 
question is difficult to answer for patients. This could be due to the fact that three out 
of four answers combine pain severity and frequency. Such linguistic issues have been 
noted before (5, 6).  
The ICC values between 0.89 and 0.97 confirm adequate test-retest reliability of the 
AOFAS-DLV total scale and all subscales. Similar ICC’s (ranging from 0.89 to 0.95) were 
found for the Turkish and Portuguese version of the AOFAS Ankle-Hindfoot Scale in 
patients with foot and ankle disorders (2, 7, 8). 
Responsiveness is a product of magnitude of change and longitudinal validity. The 
longitudinal validity of the AOFAS subscales pain and alignment was adequate (i.e., 
>75% of the hypothesized correlations predicted correctly). However, the AOFAS sub-
scale function and the total scale were not proven adequate, as only 58.8% and 70.6% 
of the predefined hypothesis were confirmed, respectively. The inadequate longitudinal 
validity makes the AOFAS-DLV less useful for longitudinal studies measuring recovery 
over time in patients with a hindfoot fracture. Longitudinal validity was adequate for all 
(sub)scales of the AOFAS-DLV in patients with ankle fractures in previous research (2). In 
the hindfoot series, the correlations of the difference in score between t=1 and t=2 with 
other (sub)scales were generally overestimated for the AOFAS function subscale and 
total scale. Similar as for the construct validity, there is no clear pathophysiological 
explanation for this difference, other than the difference in (severity of) the injuries and 
follow-up moments used. 
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The magnitude of change was moderate for the AOFAS Ankle-Hindfoot scale DLV as 
a total, with a SRM of 0.79 and an ES of 0.63. This is comparable to the magnitude of 
change for the total FFI (SRM 0.89, ES 0.60) and the SF-36 subscales PCS, PF, and RP as 
in our recent study on ankle fractures (2). Previous data for hindfoot injuries are not 
available. 
The Bland and Altman analysis confirmed absence of systematic bias for repeated 
recordings of the AOFAS Ankle-Hindfoot Scale-DLV. With a SDC of 1.7 points, the meas-
urement error is very small. This measurement error was lower than reported for a 
variety of foot and ankle disorders in the Turkish population (SDC 13.3) and for ankle 
fractures in the Dutch population (SDC 12.0) (2, 7).  
CONCLUSION 
The AOFAS Ankle-Hindfoot Scale Dutch Language Version has adequate construct validi-
ty and is reliable, making it a suitable instrument for cross-sectional studies investigat-
ing functional outcome in patients with a hindfoot fracture. The inadequate longitudinal 
validity and responsiveness, however, hamper the use of the questionnaire in longitudi-
nal studies and for assessing long-term functional outcome.  
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ABSTRACT 
Objectives: The American Orthopedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot 
Scale is among the most commonly used instruments for measuring outcome of treat-
ment in patients who sustained a complex ankle or hindfoot injury. It consists of a pa-
tient-reported and a physician-reported part. A validated, Dutch version of this instru-
ment is currently not available. The aim of this study was to translate the instrument 
into Dutch and to determine the measurement properties of the AOFAS Ankle-Hindfoot 
Scale Dutch Language Version (DLV) in patients with a unilateral ankle fracture. 
Setting: Multicenter (two Dutch hospitals), prospective observational study. 
Participants: In total 142 patients with a unilateral ankle fracture were included. Ten 
patients were lost to follow up. 
Primary and secondary outcome measures: Patients completed the subjective (patient-
reported) part of the AOFAS Ankle-Hindfoot Scale-DLV. A physician or trained physician-
assistant completed the physician-reported part. For comparison and evaluation of the 
measuring characteristics, the Foot Function Index (FFI) and the Short Form-36 (SF-36) 
were completed by the patient. Descriptive statistics (including floor and ceiling effects), 
reliability (i.e., internal consistency), construct validity, reproducibility (i.e., test-retest 
reliability, agreement, and smallest detectable change), and responsiveness were de-
termined. 
Results: The AOFAS-DLV and its subscales showed good internal consistency (Cronbach’s 
alpha > 0.90). Construct validity and longitudinal validity were proven to be adequate 
(76.5% of predefined hypotheses were confirmed). Floor effects were not present. 
Ceiling effects were present from six months onwards, as expected. Responsiveness was 
adequate, with a smallest detectable change of 12.0 points. 
Conclusions: The AOFAS-DLV is a reliable, valid, and responsive measurement instru-
ment for evaluating functional outcome in patients with a unilateral ankle fracture. This 
implies that the questionnaire is suitable to compare different treatment modalities 
within this population or to compare outcome across hospitals. 
Trial Registration: Netherlands Trial Register (NTR5613; 05-jan-2016). 
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BACKGROUND 
Ankle fractures are common injuries with a reported incidence rate of 187 fractures per 
100,000 people each year (1). Due to an increasing number of people involved in sports 
and the growing elderly population, this rate is rising significantly in many industrialized 
countries (1). Ankle fractures can cause a temporary loss of function and quality of life. 
In order to monitor recovery after treatment, questionnaires regarding functional out-
come are increasingly used in clinical practice and clinical research. They enable de-
tailed evaluation of functional outcome and quality of life after (non-)operative treat-
ment of musculoskeletal injuries from a patient’s perspective. 
Although questionnaires completed by patients alone (so called patient-reported 
outcome measures; PROMs) may be preferred, many scores combine a patient-
reported and a physician-reported part. Examples of PROMs used in foot and ankle 
research are the Maryland Foot Score (MFS) (2), Foot and Ankle Ability Measure (FAAM) 
(3), the Foot Function Index (FFI) (4), the Manchester-Oxford Foot Questionnaire 
(MOXFQ) (5, 6), and the Self-Reported Foot and Ankle Score (SEFAS) (7). 
The clinical rating system published by the American Orthopedic Foot and Ankle So-
ciety, the AOFAS Ankle-Hindfoot Scale, is one of the mostly used assessment tool in foot 
surgery (8). This clinical rating system, developed by Kitaoka et al., combines subjective 
scores of pain and function provided by the patient and objective scores based on the 
physician’s physical examination (i.e., gait, sagittal motion, hindfoot motion, ankle-
hindfoot stability, and alignment of the ankle-hindfoot) (9). The questionnaire includes 
nine items that can be divided into three subscales (pain, function, and alignment). Each 
of the nine items is scored, accumulating to a total score ranging from 0 points (indicat-
ing severe pain and impairment) to 100 points (no symptoms or impairment). 
Limitations on the use of the AOFAS Ankle-Hindfoot Scale are the fact that questions 
have a limited number of answers, some of which can be interpreted differently (10, 
11). An advantage is that the physician-reported questions on gait and range of motion 
provide relevant information that the PROMs do not provide.  
The AOFAS Ankle-Hindfoot Scale as a complete scale has been shown to be respon-
sive and valid in its original language version (9, 12-14). The patient-reported part of the 
scale has been shown to be valid and reliable (15). Reliability of the objective (physician-
reported) portion of the scale has not been published. Previous studies involved a wide 
spectrum of diagnoses, such as general ankle-hindfoot complaints (13), pending ankle 
or foot surgery (15), surgically treated calcaneal fractures (14), and end-stage ankle 
osteoarthritis (12).  
A validated Dutch version of the AOFAS Ankle-Hindfoot Scale is not available. The 
aim of this study was to translate the questionnaire into Dutch and to culturally adapt it 
to the Dutch population. The next aim was to determine the measurement properties 
of the AOFAS Ankle-Hindfoot Scale Dutch Language Version (AOFAS-DLV) in patients 
who sustained an ankle fracture. 
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METHODS  
Study design and ethics statement 
This study followed a multicenter, prospective, observational study design (i.e., case 
series) and was performed at two Dutch hospitals. The study is registered at the Nether-
lands Trial Register (NTR5613). A detailed study protocol is published elsewhere (16). 
The study was approved by the Medical Research Ethics Committees or Local Ethics 
Boards of all participating centers. All patients provided informed consent. 
Translation 
First, the American (original) version of the AOFAS Hindfoot-Ankle Scale was translated 
and cultural adapted into Dutch according to the guideline for Cross Cultural Adaptation 
of Self-Report Measures by Beaton et al. (17), as described in detail in the published 
study protocol (16). In the last stage of this guideline the pre-final Dutch version was 
tested in a group of 20 patients, presenting themselves with various foot/ankle prob-
lems in one of the participating hospitals. Since there were no ambiguities or misunder-
standings of the questions in this group, the translated questionnaire was considered 
the final AOFAS Ankle-Hindfoot Scale-DLV (Supplemental Table 1).  
VALIDATION 
Patient recruitment 
Patients were recruited from May 1, 2014 to March 29, 2016. Patients were identified 
from hospital records, based upon their ICD-10 (International Coding of Diseases, 10th 
revision) code or Diagnosis Related Group (DRG; in Dutch, DBC) code. Inclusion criteria 
were; 1) unilateral ankle fracture; 2) age of 18 years or older; and 3) provision of in-
formed consent by the patient. Treatment should have been started between six weeks 
and three months and/or between seven and nine months prior to the start of the 
study. Exclusion criteria were; 1) multiple trauma (only if functional recovery of addi-
tional injuries was not achieved at time of enrolment, as that likely affects the outcome 
scores); 2) pathological fracture; 3) severe physical comorbidity (i.e., American Society 
of Anaesthesiologists (ASA) ≥3); 4) patient was non-ambulatory prior to the injury; 5) 
insufficient comprehension of the Dutch language to understand and complete the 
questionnaires; and 6) expected problems of maintaining follow-up. 
In total 142 individual participants were included, 70 completed t=1 and t=2, 132 
completed t=2 and t=3 (Figure 1). During the course of the study ten patients were lost 
to follow up. One patient, who participated in the test-retest part, had to be removed 
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from the analysis; due to removal of osteosynthesis material, the patient reported a 
change in function between both recordings. 
 
 
Figure 1: Flowchart 
The number of patients in each particular group is shown between square brackets.  
a Patients who participated in both groups 
The median age was 46 years (P25 -P75 35-60), see Table 1. The majority of patients 
(N=75; 52.8%) were male. Most ankle fractures were unimalleolar (N=100; 70.4%), and 
the majority (N=84; 59.2%) were treated operatively. 
  
Chapter 11 
212 
Table 1: Demographic data for the study population 
Variable  Outcome 
Age (years)   46 (35- 60) 
Male gender  75 (52.8%) 
Right side affected  58 (40.8%) 
Dominant side affected  60 (42.3%) 
Malleolar involvement Unimalleolar 100 (70.4%) 
 Bimalleolar 23 (16.2%) 
 Trimalleolar 19 (13.4%) 
Classification Weber A 29 (20.4%) 
 Weber B 56 (39.4%) 
 Weber C 13 (9.2%) 
 Unknown 44 (31.0%) 
Open fracture  6 (4.2%) 
Treatment Nonoperative 58 (40.8%) 
 Operative 84 (59.2%) 
Data are shown as median (P25-P75) or as N (%), as applicable. 
The AOFAS Ankle-Hindfoot Scale-DLV, the Foot Function Index (FFI-DLV), and the Short 
Form Health Survey (SF-36-DLV) questionnaires could be completed in total on three 
occasions: at 2 months (t=1), 7 months (t=2), and 7.5 months (t=3) after trauma. Two 
months was chosen as first moment after start of weight bearing where both the ques-
tions of the patient and physician-reported part could be answered; a low score was 
expected. At seven months the majority of patients were expected to have reached 
their maximum recovery, giving the highest possible AOFAS score. That score was also 
expected at t=3. The time between the recordings was 5-6 months (responsiveness, t=1 
and t=2) and/or 2-3 weeks (test-retest, t=2 and t=3) in between. Patients were allowed 
to participate in both the responsiveness and test-retest part, and if so, the question-
naires at t=2 were also used as first questionnaire for test-retest reliability.  
Questionnaires and data collection 
The FFI is a scoring system developed to measure the impact of foot pathology. It con-
sists of 23 items, which are grouped into the subscales pain, disability, and activity limi-
tation. Scores for all (sub)scales range from zero (no disability) to 100 (highest level of 
disability) (4). 
The SF-36 Health Survey is a generic measure of health status (18-25). It consists of 
36 items, representing eight domains that are grouped into a Physical Component 
Summary (PCS) and a Mental Component Summary (MCS). 
One research physician and one research assistant performed the physical examina-
tion that is part of the physician-reported part of the AOFAS Ankle-Hindfoot Scale-DLV 
using a standardized protocol. Both assessors received elaborate training by an experi-
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enced trauma surgeon. Data for each patient was completed by the same assessor. 
Patients completed the patient-reported part, as well as the FFI and SF-36. Demograph-
ic, injury and treatment data were collected from the patient’s medical files. 
Statistical analysis 
Statistical analyses were performed using the Statistical Package for Social Sciences 
(SPSS, version 21). Data are reported following the STrengthening the Reporting of 
OBservational studies in Epidemiology (STROBE) (26). Since raw data for individual items 
were analyzed, missing data were not imputed. Descriptive statistics was used in order 
to describe the main characteristics of the study participants and the questionnaire 
scores at the different time points. Measurement properties of the AOFAS-DLV 
(sub)scales were determined by comparing these (sub)scales with the FFI and SF-36 
(sub)scales. They were determined in compliance with the COnsensus-based Standards 
for the selection of health Measurement Instruments (COSMIN) guidelines (27). A de-
tailed description of the measurement properties and statistical analysis is shown in the 
published study protocol (16). A summary is given below. 
Floor and ceiling effects are present if more than 15% of the study population rates 
the lowest or highest possible score (16, 28, 29). Data for each time point were evaluat-
ed separately. 
Internal consistency (measure of reliability) was considered adequate if the 
Cronbach’s alpha value is between 0.70 and 0.95, provided that the scale is unidimen-
sional (28). For reasons of heterogeneity in scores, data for t=1 were used. 
Construct validity was assessed by determining the correlation of the AOFAS-DLV 
(sub)scales with (sub)scales of the FFI and SF-36. Spearman’s Rho (rank correlation) 
coefficients (r) were calculated since data were non-parametric. Data of t=1 were used. 
Strength of correlation was categorized as high (r > 0.6), moderate (0.3 < r < 0.6), or low 
(r < 0.3) (30). Construct validity was considered adequate if at least 75% of the results 
were in line with the predefined hypotheses in a (sub)sample of at least 50 patients 
(28). Expected correlations are given in Supplemental Table 2A.  
Evaluation of the test-retest reliability was performed by calculating the intraclass 
correlation coefficient (ICCagreement) of (sub)scales administered at t=2 and t=3. ICC is 
reported with 95% confidence interval (CI). Reliability was given a positive rating when 
the ICC is at least 0.70 in a sample size with a minimum of 50 patients (28). 
The degree of absolute agreement was expressed as the standard error of meas-
urement (SEMagreement). For individual patients, the smallest detectable change (SDC) 
was calculated as 1.96 x √2 x SEM (28). The SDC measurable in a group of people 
(SDCgroup) was calculated by dividing the SDC in individuals (SDCind) by √n (31, 32). Final-
ly, the reliable change index (RCI) was calculated, representing the SDC as a percentage 
of the maximum obtainable score. 
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The degree of absolute agreement was also determined with a Bland and Altman 
analysis (33). The limits of agreement equal the mean change in scores of repeated 
measurements (meanchange) ± 1.96 x standard deviation of these changes (SDchange) (28). 
Zero falling outside this interval indicates bias in the measurements. 
Analogous to construct validity, longitudinal validity (a measure of responsiveness) 
was assessed by testing predefined hypotheses (Supplemental Table 2B) about ex-
pected correlations between changes in AOFAS Ankle-Hindfoot scale-DLV (sub)scales 
versus changes in FFI and SF-36 (sub)scales (28). Change scores were calculated from 
t=1 to t=2. Since data were non-parametric, Spearman’s rank correlation coefficients 
were calculated. Longitudinal validity was considered adequate if at least 75% of the 
results were in line with the predefined hypotheses in a (sub)sample of at least 50 pa-
tients (28).  
The effect size (ES) and standardized response mean (SRM) were determined as 
measures of the magnitude of change over time, using the data of t=1 and t=2. ES was 
calculated as change in score (t=2 - t=1)/SDT1 (28). SRM was calculated as change in 
score (t=2 – t=1)/SDchange (28). Values of 0.2-0.4 were considered a small effect, 0.5-0.7 
a moderate, and 0.8 or higher a large effect (34). Large effect sizes were expected a 
priori, since at t=1 patients were expected to have functional limitations, whereas at t=2 
full recovery was expected for most patients. 
RESULTS 
The changes over time in AOFAS-total, FFI-total, SF-36 PCS, SF-36 MCS, SF-36 PF, and 
SF-36 BP are shown in Figure 2. The AOFAS and SF-36 (all subscales) show an increase in 
scores in the period from t=1 to t=2. The FFI, focusing on disabilities rather than func-
tion, shows a decrease in score. Scores at t=2 and t=3 were similar for all instruments. 
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Figure 2: AOFAS Ankle-Hindfoot (A), Foot Function Index (B), Short Form-36 PCS (C), SF-36 MCS (D), SF-36 PF 
(E), and SF-36 BP (F) scores at each follow-up visit in patients with an ankle fracture  
AOFAS, American Orthopedic Foot and Ankle Society; BP, Bodily Pain; FFI, Foot Function Index; MCS, Mental 
Component Summary; PCS, Physical Component Summary; PF, Physical Functioning; SF-36, Short Form-36. 
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Floor and ceiling effects 
A floor effect was only present in two SF-36 subscales; namely SF-36 RP subscale at t=1; 
58.6% of the patients reported the minimum score, at t=2 (19.7%) and t=3 (17.6%), and 
the SF-36 RE subscale at t=1 (28.6%); Figure 3a). 
A ceiling effect was present in several (sub)scales, and became more evident at 
longer follow-up (Figure 3b). The AOFAS pain subscale had a ceiling effect from the t=1 
onwards, where 22.9% of patients reported the maximum score. From t=2 onwards, 
ceiling effects were also noted for AOFAS function (27.0%) and alignment (65.9%) sub-
scales, FFI pain (16.7%) and disability (21.0%) subscales, and SF-36 BP (21.9%) and PF 
(19.5%) subscales. The AOFAS as a total scale only showed a ceiling effect at t=3; 17.7% 
of patients reported the maximum score. 
 
 
 
 
Figure 3. Floor effects (A) and ceiling effects (B) of the instruments used in patients with an ankle fracture 
Out of a maximum of 70 at t=1, N=65 for AOFAS function and total, N=69 for AOFAS alignment, and N=70 for 
AOFAS pain and all (sub)scales of FFI and SF-36. 
Out of a maximum of 138 at t=2, N=131 for SF-36 PCS and MCS, N=133 for SF-36 PF, N=136 for SF-36 VT, 
N=137 for AOFAS function, AOFAS total, and SF-36 RP, BP, SF, and RE, N=138 for AOFAS pain and alignment, 
all FFI (sub)scales, and SF-36 GH and MH 
N=138 for AOFAS pain and alignment, 137 for AOFAS function and AOFAS total. 
Out of a maximum of 125 at t=3, N=123 for SF-36 PF, PCS, and MCS, N=124 for AOFAS alignment and total, 
and SF-36 VT, and N=125 for AOFAS pain and function, all FFI (sub)scales, and SF-36 RP, BP, GH, SF, RE, and 
MH. 
The dotted line represents the acceptable 15% of patients with the maximum score. The SF-36 PCS and MCS 
did not demonstrate a floor or a ceiling effect and are not displayed. 
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Reliability 
Internal consistency 
The Cronbach’s alpha for the AOFAS total scale and function subscale were 0.947 and 
0.927, respectively, representing adequate internal consistency (Table 2). The value for 
the total scale should be interpreted carefully as it contains three subscales. Cronbach’s 
alpha could not be calculated for AOFAS pain and alignment subscales, since these have 
one item only. 
The FFI total scale (α = 0.649) and pain subscale (α = 0.687) did not show adequate 
internal consistency. For the total scale, this may be explained by the fact that it is not 
unidimensional. All SF-36 (sub)scales showed adequate internal consistency, with the 
exception of the subscales general health (α = 0.621) and vitality (α = 0.648). 
Table 2: Internal consistency of the instruments used in patients with an ankle fracture 
(Sub)scale  N Number of items Cronbach’s alpha 
AOFAS Total 70 9 0.947a 
 Pain 70 1 N.A.b 
 Function 70 7 0.927 
 Alignment 70 1 N.A.b 
FFI Total 70 23 0.649a 
 Pain 70 9 0.687 
 Disability 70 9 0.707 
 Activity limitation 70 5 0.854 
SF-36 Total 70 35 0.882a 
 PF 70 10 0.932 
 RP 70 4 0.885 
 BP 70 2 0.733 
 GH 70 5 0.621 
 VT 70 4 0.648 
 SF 70 2 0.832 
 RE 70 3 0.870 
 MH 70 5 0.799 
 PCS 70 21 0.846a 
 MCS 70 14 0.861a 
Data for t=1 were used. 
a Values should be interpreted carefully because the total scale is not unidimensional. 
b Not applicable, as this subscale consists of one item only. 
Bold and underlined Cronbach alpha values did not exceed the threshold of 0.70. 
AOFAS, American Orthopedic Foot and Ankle Society; BP, bodily pain; FFI, Foot Function Index; GH, general 
health perceptions; MCS, mental component summary; MH, general mental health; N.A., not applicable; PCS, 
physical component summary; PF, physical functioning; RE, role limitations due to emotional problems; RP, 
role limitations due to physical health; SF, social functioning; SF-36, Short Form-36; VT, vitality, energy, or 
fatigue. 
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Construct validity 
Spearman’s rank correlations regarding construct validity are shown in Table 3. Con-
struct validity was adequate for all AOFAS (sub)scales; out of 17 correlations, 14 (82.4%) 
were in line with predefined hypotheses for the total scale, 13 (76.5%) for the pain 
subscale, 15 (88.2%) for the function subscale, and 16 (94.1%) for the alignment sub-
scale. 
Table 3. Construct validity of the instruments in patients with an ankle fracture 
(Sub)scale  AOFAS 
  Pain Function Alignment Total 
AOFAS Pain 1 0.23 [65] 0.01 [69] 0.66 [65] 
 Function 0.23 [65] 1 0.28 [65] 0.85 [65] 
 Alignment 0.01 [69] 0.28 [65] 1 0.35 [65] 
 Total 0.66 [65] 0.85 [65] 0.35 [65] 1 
FFI Pain -0.81 [70] -0.41 [65] -0.14 [69] -0.70 [65] 
 Disability -0.41 [70] -0.75 [65] -0.19 [69] -0.74 [65] 
 Activity limiation -0.34 [70] -0.80 [65] -0.23 [69] -0.77 [65] 
 Total -055 [70] -0.73 [65] -0.21 [69] -0.80 [65] 
SF-36 PF 0.21 [70] 0.64 [65] 0.21 [69] 0.60 [65] 
 RP 0.32 [70] 0.50 [65] 0.19 [69] 0.58 [65] 
 BP 0.59 [70] 0.53 [65] 0.03 [69] 0.67 [65] 
 GH 0.15 [70] -0.01 [65] -0.09 [69] 0.04 [65] 
 VT 0.28 [70] 0.19 [65] -0.02 [69] 0.27 [65] 
 SF 0.14 [70] 0.65 [65] 0.18 [69] 0.56 [65] 
 RE 0.10 [70] 0.32 [65] 0.22 [69] 0.33 [65] 
 MH 0.24 [70] 0.20 [65] 0.02 [69] 0.24 [65] 
 PCS 0.40 [70] 0.62 [65] 0.11 [69] 0.65 [65] 
 MCS 0.11 [70] 0.24 [65] 0.13 [69] 0.24 [65] 
Data for t=1 were used. Spearman’s rank correlation coefficients are given for all possible combinations of 
(sub)scales, with the N between square brackets. The maximum possible number of patients was 70. 
r > 0.6 indicates high correlation, 0.3 < r > 0.6 moderate correlation, and r < 0.3 low correlation. Bold and 
underlined correlations were not hypothesized correctly. 
AOFAS, American Orthopedic Foot and Ankle Society; BP, bodily pain; FFI, Foot Function Index; GH, general 
health perceptions; MCS, mental component summary; MH, general mental health; PCS, physical component 
summary; PF, physical functioning; RE, role limitations due to emotional problems; RP, role limitations due to 
physical health; SF, social functioning; SF-36, Short Form-36; VT, vitality, energy, or fatigue. 
Reproducibility 
Test-Retest reliability 
The intraclass correlation coefficient indicates the reliability of each (sub)scale (Table 4). 
The calculated ICC for the total AOFAS (sub)scales ranged from 0.85 to 0.93, indicating 
adequate test-retest reliability. The ICC was also proven to be adequate (> 0.70) for all 
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FFI and SF-36 (sub)scales, with the exception of SF-36 subscale General Health percep-
tions (ICC = 0.64). 
Table 4. Intraclass correlation coefficient (ICC) and Bland-Altman analysis of the instruments in ankle fracture 
patients 
(Sub)scale N ICC(2,1) 
(95% CI) 
SEM SDC 
patient 
Max 
score 
RCI (%) Mean 
difference (SD) 
95% Limits of 
agreement 
AOFAS         
 Pain 125 0.85 (0.78-0.89) 3.5 9.7 40 24.3 1.1 (5.0) -8.6 to 10.8 
 Function 124 0.92 (0.89-0.95) 2.1 5.9 50 11.9 0.6 (3.0) -5.4 to 6.5 
 Alignment 124 0.89 (0.85-0.92) 0.9 2.5 10 24.8 0.2 (1.3) -2.3 to 2.6 
 Total 123 0.93 (0.89-0.95) 4.3 12.0 100 12.0 1.8 (6.1) -10.2 to 13.9 
FFI         
 Pain 125 0.83 (0.76-0.87) 9.4 26.1 100 26.1 -1.5 (13.3) -27.6 to 24.6 
 Disability 125 0.90 (0.86-0.93) 7.4 20.5 100 20.5 -1.5 (10.5) -22.0 to 19.0 
 Activity limitation 125 0.81 (0.74-0.86) 7.9 22.0 100 22.0 -0.2 (11.2) -22.2 to 21.8 
 Total 125 0.92 (0.89-0.94) 5.9 16.4 100 16.4 -1.2 (8.4) -17.5 to 15.2 
SF-36         
 PF 120 0.90 (0.87-0.93) 3.18 8.83 56.76 15.6 1.40 (4.50) -8.43 to 9.23 
 RP 124 0.71 (0.59-0.79) 6.36 17.64 55.56 31.7 2.56 (9.00) -15.07 to 20.20 
 BP 124 0.78 (0.70-0.85) 4.07 11.29 60.40 18.7 1.48 (5.76) -9.80 to 12.77 
 GH 125 0.64 (0.52-0.73) 5.12 14.20 63.78 22.3 -0.27 (7.24) -14.47 to 13.93 
 VT 123 0.77 (0.68-0.83) 4.06 11.25 68.66 16.4 0.74 (5.74) -10.51 to 11.99 
 SF 124 0.70 (0.60-0.78) 4.89 13.56 57.33 23.7 0.77 (6.92) -12.79 to 14.32 
 RE 124 0.72 (0.63-0.80) 5.31 14.71 55.66 26.4 0.90 (7.50) -13.81 to 15.60 
 MH 125 0.79 (0.70-0.85) 3.86 10.70 63.97 16.7 -1.21 (5.46) -9.49 to 11.91 
 PCS 118 0.85 (0.79-0.89) 3.87 10.72 70.30 15.3 1.10 (5.47) -9.62 to 11.83 
 MCS 118 0.78 (0.70-0.84) 4.10 11.36 77.92 14.6 0.96 (5.80) -10.42 to 12.30 
Change scores were calculated from t=2 to t=3. The maximum possible number of patients was 125. The ICC is 
shown as correlation coefficient with the 95% CI between brackets. The difference in score from t=2 to t=3 is 
shown as mean change with SD.  
Agreement and Smallest Detectable Change 
The level of agreement is indicated by the SDC and the corresponding RCI, as listed in 
Table 4. The SDC was 12.0 (RCI: 12.0%) for the AOFAS total scale, 16.4 (RCI: 16.4%) for 
the FFI total scale, 10.7 (RCI: 15.3%) for the SF-36 PCS subscale, and 11.36 (RCI: 14.6%) 
for the SF-36 MCS subscale. 
The Bland and Altman analysis (Figure 4 and Table 4) there is no bias in measure-
ments, as the 95% Limits of Agreement for the mean change in scores contains zero for 
every single (sub)scale. 
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Figure 4. Bland-Altman plots for AOFAS Ankle-Hindfoot (A), Foot Function Index (B), Short Form-36 PCS (C), 
and SF-36 MCS (D) scores in patients with an ankle fracture 
Change scores were calculated from t=2 to t=3. 
Each dot represents a single patient. The black line indicates the mean difference. The upper and lower edges 
of the grey box are the 95% limits of agreement. 
AOFAS, American Orthopedic Foot and Ankle Society; FFI, Foot Function Index; MCS, Mental Component 
Summary; PCS, Physical Component Summary; SF-36, Short Form-36. 
Responsiveness 
Spearman’s rank correlation coefficients for longitudinal validity are shown in Table 5. 
Longitudinal validity was adequate for all AOFAS (sub)scales; out of 17 correlations, 15 
(88.2%) were in line with predefined hypotheses for the total scale, 14 (82.5%) for the 
AOFAS pain subscale, 13 (76.5%) for function subscale, and 17 (100%) for alignment 
subscale. 
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Table 5. Longitudinal validity of the instruments in patients with an ankle fracture 
(Sub)scale  AOFAS 
  Pain Function Alignment Total 
AOFAS Pain 1 0.21 [61] 0.12 [65] 0.70 [61] 
 Function 0.21 [61] 1 0.05 [61] 0.81 [61] 
 Alignment 0.12 [65] 0.05 [61] 1 0.22 [61] 
 Total 0.70 [61] 0.81 [61] 0.22 [61] 1 
FFI Pain -0.56 [66] -0.19 [61] -0.17 [65] -0.43 [61] 
 Disability -0.24 [66] -0.66 [61] -0.07 [65] -0.60 [61] 
 Activity limitation -0.06 [66] -0.59 [61] 0.09 [65] -0.50 [61] 
 Total -0.33 [66] -0.61 [61] -0.03 [65] -0.65 [61] 
SF-36 PF 0.25 [66] 0.44 [61] -0.12 [65] 0.48 [61] 
 RP 0.26 [65] 0.34 [60] 0.01 [64] 0.37 [60] 
 BP 0.39 [65] 0.36 [60] 0.06 [64] 0.46 [60] 
 GH -0.02 [66] -0.13 [61] 0.13 [65] -0.05 [61] 
 VT 0.38 [66] 0.26 [61] 0.10 [65] 0.38 [61] 
 SF 0.20 [65] 0.54 [60] 0.03 [64] 0.47 [60] 
 RE -0.08 [65] 0.19 [60] 0.15 [64] 0.14 [60] 
 MH 0.13 [66] 0.09 [61] 0.08 [65] 0.11 [61] 
 PCS 0.34 [65] 0.39 [60] -0.06 [64] 0.45 [60] 
 MCS -0.07 [65] 0.15 [60] 0.14 [64] 0.06 [60] 
Change in scores between t=1 and t=2 were used. The maximum possible number of patients was 70. Spear-
man’s rank correlation coefficients are given for all possible combinations of (sub)scales, with the N between 
square brackets. 
The rest of Table caption is identical to Table 3. 
The Standardized Response Mean (SRM) and the Effect Size (ES) of the instruments are presented in Table 6. 
The AOFAS total scale (SRM 1.07, ES 0.89) and function subscale (SRM 1.29, ES 1.06) had a large magnitude of 
change. The one-item subscales showed a moderate effect size for pain (SRM 0.27) and a small effect size for 
alignment (SRM < 0.2).  
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Table 6. Responsiveness: standardized response mean (SRM) and Effect Size (ES) of the instruments in pa-
tients with an ankle fracture 
(Sub)scale  N Mean change SDchange SRM SDt=1 ES 
AOFAS Pain 66 2.3 8.4 0.27 8.9 0.26 
 Function 61 12.3 9.5 1.29 11.5 1.06 
 Alignment 65 -0.2 1.8 -0.09 2.7 -0.06 
 Total 61 15.1 14.1 1.07 16.9 0.89 
FFI Pain 66 -9.1 18.7 -0.49 21.9 -0.42 
 Disability 66 -23.3 25.3 -0.92 29.9 -0.78 
 Activity limitation 66 -17.9 22.9 -0.78 27.1 -0.66 
 Total 66 -17.6 18.9 -0.93 23.9 -0.74 
SF-36 PF 66 9.04 10.94 0.83 12.98 0.70 
 RP 65 11.95 13.25 0.90 10.94 1.09 
 BP 65 7.85 10.33 0.76 9.50 0.83 
 GH 66 -0.83 8.56 -0.10 8.42 -0.10 
 VT 66 1.74 8.89 0.20 8.06 0.22 
 SF 65 13.49 13.53 1.00 14.67 0.92 
 RE 65 5.28 12.11 0.44 13.36 0.40 
 MH 66 1.31 8.40 0.16 9.10 0.14 
 PCS 65 8.88 10.03 0.89 9.65 0.92 
 MCS 65 2.68 11.21 0.24 11.61 0.23 
Change scores were calculated from t=1 to t=2. The maximum possible number of patients was 70. 
AOFAS, American Orthopedic Foot and Ankle Society; BP, bodily pain; ES, effect size; FFI, Foot Function Index; 
GH, general health perceptions; MCS, mental component summary; MH, general mental health; PCS, physical 
component summary; PF, physical functioning; RE, role limitations due to emotional problems; RP, role limita-
tions due to physical health; SF, social functioning; SF-36, Short Form-36; SRM, standardized response mean; 
VT, vitality, energy, or fatigue. 
DISCUSSION 
The results of this study showed that the AOFAS Ankle-Hindfoot scale Dutch Language 
Version (AOFAS-DLV) is a valid, reliable, and responsive instrument for measuring symp-
toms and disability in patients who suffered an ankle fracture. 
Floor effects were not present for the AOFAS-DLV in this study. Ceiling effects, on 
the other hand, did occur. The AOFAS total scale showed a ceiling effect at t=3. Ceiling 
effects were expected to occur at follow-up moments t=2 and t=3, as most patients 
were expected to have achieved full recovery (and thus the maximum score) at those 
follow-up moments. Ceiling effects have been reported in another study for the same 
reason (20). ,Another study found no ceiling effects for the AOFAS Ankle Hindfoot Scale 
at six months after elective surgery for a variety of chronic ankle and hindfoot disorders 
(7).  
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Evaluating the predictions about Spearman’s rank correlations between all 
(sub)scales, the AOFAS scale as a total showed adequate construct validity. This is in 
correspondence with previous research, conducted by Ibrahim et al. (15). Construct 
validity also showed to be adequate for all AOFAS subscales separately. The correlations 
between the AOFAS total score and the SF-36 did show to be higher than the correla-
tions found by SooHoo et al. (35). Instead of a high correlation, they found the SF-36 
subscales bodily pain, and physical functioning to have a moderate correlation with the 
AOFAS total scale. The difference in correlation was even bigger for the SF-36 PCS, 
which SooHoo et al. found to have a low, instead of a high correlation with the AOFAS 
total scale in this study (35). A possible explanation for these differences is the differ-
ence in study population, as this study only focused on ankle fractures and SooHoo et 
al. included all injuries of the ankle and hindfoot (35). 
As far as conclusions can be drawn, the AOFAS Ankle-Hindfoot scale DLV appears to 
have adequate internal consistency. Cronbach’s α for the AOFAS-scale as a total is 
0.947. This value however, should be interpreted carefully as this scale is not unidimen-
sional. Pinsker et al. also did find Cronbach’s α to be adequate (α = 0.84) for the five 
patient-reported items of the AOFAS Ankle-Hindfoot scale in the original language (10). 
The reliability of the AOFAS DLV is proven to be sufficient, as the ICC for the total 
AOFAS scale was 0.93. Sufficient reliability has been shown before (7, 15).This reflects 
the instrument as a whole. Being interested in the performance of the AOFAS DLV as a 
whole, the intraobserver or interobserver reliability of the physician-reported part alone 
was not analyzed. The separate subscales also showed to be reliable on an independent 
level, with ICC of > 0.70 for all AOFAS subscales. Validation studies for the Portuguese 
and Turkish version of the AOFAS Ankle-Hindfoot scale in patients with variable chronic 
pathologies and joint injuries, respectively, found similar ICC values of 0.92 (p < 0.001) 
and 0.89 (p= 0.001), respectively (36, 37). 
Responsiveness of the AOFAS-DLV, considered being a product of longitudinal validi-
ty and magnitude of change, was adequate in this study. Concerning longitudinal validi-
ty, > 75% of all hypothesized correlations for Spearman’s Rho were confirmed, indicat-
ing adequate longitudinal validity. This confirms previous studies (9, 12-14). Magnitude 
of change for the outcome measures was high for the AOFAS Ankle-Hindfoot scale DLV 
as a whole, with an SRM of 1.07 and ES of 0.89. This is comparable to the magnitude of 
change for the total FFI (SRM -0.93, ES -0.74) and the SF-36 subscales with the highest 
magnitude of change (PCS, PF, RP and SF) in our study. Values for SRM and ES of the 
AOFAS-DLV found in this study are in correspondence with the values found in previous 
research by SooHoo et al. (13), regarding the original AOFAS Ankle-Hindfoot scale (SRM 
1.10, ES 1.12). They are also in line with other studies evaluating the AOFAS and the 
SEFAS (7). 
The level of agreement of the AOFAS total scale compared well to the FFI and SF-36 
in this study. The SEM for the AOFAS-DLV was 4.3 points. The SDC was 12.0 points. 
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Similar values for SEM and SDC were found in the validation study of the AOFAS Ankle-
Hindfoot Scale in Turkish (SEM, 4.8 points and SDC 13.3 points) (36). 
The Bland and Altman analysis showed there is no bias in measurements, as the 95% 
Limits of Agreement for the mean change in scores contained zero for every single 
(sub)scale. As the AOFAS-DLV shows sufficient reliability and the level of agreement is 
equivalent to the level of agreement of the SF-36 and FFI (which are both validated 
patient-reported outcome measures), the reproducibility of the questionnaire is proven 
to be acceptable. 
A limitation could be the arbitrary choice of t=1 and t=2 for calculating longitudinal 
validity, ES, and SRM. These measurement properties require the largest change scores. 
Completing the questionnaires early after trauma (i.e., at two months, low scores ex-
pected) and at seven months (i.e., maximum recovery expected) was aimed to achieve 
the largest change score. Despite good measurement properties of the AOFAS-DLV, a 
limitation of its use is the fact that a physician has to complete a part of the question-
naire. That makes it unsuitable for, e.g.¸ use in large scale registers. For that purpose, 
PROMs like the FFI, MOXFQ, and SEFAS may be interesting. The last two have sufficient 
response rates, internal consistency, test-retest reliability, and responsiveness in pa-
tients with surgically treated chronic ankle and hindfoot disorders (6, 7). Data for ankle 
fractures are not yet available. Current data are in support of using the FFI as PROM. 
CONCLUSION 
This study evaluated the measurement properties of the AOFAS Ankle-Hindfoot scale 
Dutch Language Version and confirmed it is a reliable, valid, and responsive measure-
ment instrument for evaluating functional outcome in Dutch patients with a unilateral 
ankle fracture. This makes the questionnaire suitable for comparing outcome in future 
studies and after different treatment modalities within this study population or for 
comparing outcome across hospitals or between patient groups. 
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Supplemental Table 1: AOFAS Ankle-Hindfoot Scale Dutch Language Version 
Pijn 
 Geen 
 Mild, af en toe 
 Matig, dagelijks 
 Ernstig, bijna altijd aanwezig 
  
Functie 
Beperkingen in activiteiten, hulpmiddelengebruik 
 Geen beperkingen; geen hulpmiddelen nodig 
 Geen beperkingen bij dagelijkse activiteiten, wel beperkingen bij recreatieve activiteiten; geen 
hulpmiddelen nodig 
 Beperkingen bij dagelijkse en recreatieve activiteiten; gebruik van een stok 
 Ernstige beperkingen bij dagelijkse en recreatieve activiteiten; gebruik van een brace, krukken, looprek, 
rollator of rolstoel 
  
Maximale loopafstand 
 Meer dan 600 meter 
 400 tot 600 meter 
 100 tot 400 meter 
 Minder dan 100 meter 
  
Loopondergrond 
 Op geen enkele ondergrond problemen 
 Enige moeite met lopen op oneffen terrein, trappen, hellingen of ladders 
 Veel moeite met lopen op oneffen terrein, trappen, hellingen of ladders 
 
Let op: onderstaande vragen worden door de arts ingevuld. 
 
Afwijkende loopgang 
 Geen tot gering 
 Duidelijk 
 Zeer opvallend 
  
Sagittale beweging (dorsoflexie plus plantairflexie) 
 Normaal of geringe beperking (30° of meer) 
 Matige beperking (15-29°) 
 Ernstige beperking (minder dan 15°) 
  
Achtervoetbeweging (inversie plus eversie) 
 Normaal of geringe beperking (75%-100% van normaal) 
 Matige beperking (25-74% van normaal) 
 Opvallende beperking (minder dan 25% van normaal) 
  
Enkel-achtervoet stabiliteit (anteroposterieur, varus-valgus) 
 Stabiel 
 Evident instabiel 
  
Alignement 
 Goed, plantigrade voet, enkel-achtervoet fraai gealigneerd 
 Redelijk, plantigrade voet, enige mate van enkel-achtervoet malalignement, geen klachten of 
symptomen 
 Slecht, geen plantigrade voet, ernstige malalignement met klachten of symptomen 
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Supplemental Table 2A. Hypothesized correlations between the instruments for construct validity in patients 
with an ankle fracture 
(Sub)scale  AOFAS 
  Pain Function Alignment Total 
AOFAS Pain N.A. moderate low high 
 Function moderate N.A. low high 
 Alignment low low N.A. low 
 Total high high low N.A. 
FFI Pain high moderate low high 
 Disability moderate high low high 
 Activity limitation moderate high low high 
 Total moderate high low high 
SF-36 PF moderate high low high 
 RP moderate moderate low high 
 BP high moderate low high 
 GH low low low low 
 VT low low low moderate 
 SF low moderate low moderate 
 RE moderate moderate low moderate 
 MH low low low low 
 PCS moderate high low high 
 MCS low low low low 
Expected strength of correlation for all possible combinations; r > 0.6 indicates high correlation, 0.3 < r > 0.6 
moderate correlation, and r > 0.6 low correlation. 
AOFAS, American Orthopedic Foot and Ankle Society; BP, bodily pain; FFI, Foot Function Index; GH, general 
health perceptions; MCS, mental component summary; MH, general mental health; PCS, physical component 
summary; PF, physical functioning; RE, role limitations due to emotional problems; RP, role limitations due to 
physical health; SF, social functioning; SF-36, Short Form-36; VT, vitality, energy, or fatigue. 
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Supplemental Table 2B. Hypothesized correlations between the instruments for longitudinal validity in pa-
tients with an ankle fracture 
(Sub)scale  AOFAS 
  Pain Function Alignment Total 
AOFAS Pain N.A. low low high 
 Function low N.A. low high 
 Alignment low low N.A. low 
 Total high high low N.A. 
FFI Pain high moderate low moderate 
 Disability low high low moderate 
 Activity limitation low high low moderate 
 Total low high low moderate 
SF-36 PF low high low moderate 
 RP low low low moderate 
 BP moderate moderate low moderate 
 GH low low low low 
 VT low low low moderate 
 SF low moderate low moderate 
 RE low low low moderate 
 MH low low low low 
 PCS moderate moderate low moderate 
 MCS low low low low 
Expected strength of correlation for all possible combinations; r > 0.6 indicates high correlation, 0.3 < r > 0.6 
moderate correlation, and r > 0.6 low correlation. 
AOFAS, American Orthopedic Foot and Ankle Society; BP, bodily pain; FFI, Foot Function Index; GH, general 
health perceptions; MCS, mental component summary; MH, general mental health; PCS, physical component 
summary; PF, physical functioning; RE, role limitations due to emotional problems; RP, role limitations due to 
physical health; SF, social functioning; SF-36, Short Form-36; VT, vitality, energy, or fatigue. 
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The research questions as described in the outline of this thesis and the answers found 
in the subsequent chapters are discussed following the different clinical perspectives on 
complex ankle and hindfoot injuries. This chapter also elaborates on how the study 
results support these answers and how they fit in already existing knowledge on the 
topic. Finally, implications of the current study findings are outlined and suggestions for 
future research are made. 
EPIDEMIOLOGY 
In the last decades several studies have shown increased incidence rates of foot and 
ankle injuries (1-3). This is in line with the strong increase in incidence rate of patients 
with osseous injuries since 1986 (especially in admitted patients) as found in our epi-
demiology study (Chapter 2). Osseous injuries were also the most expensive type of 
injury. The main cost determinants were in-hospital care and physical therapy.  
The emergency attendance rate of ligamentous foot and ankle injuries however 
consistently decreased since 1986. This could be explained by the introduction of new 
guidelines and After Hours Medical Clinics (4, 5) that were established during the study 
period. Patients with minor injuries nowadays can get general practitioner consultations 
and treatment 24/7. This may indicate a shift towards more complex injuries over time 
or an increase in the number of surgically treated fractures which is especially seen in 
ankle fractures (3, 6, 7).  
Injury cases were extracted from the National Injury Surveillance System (LIS) and 
the National Medical Registration (LMR), both systems have their own limitations. The 
LIS is a 12% sample of all injury-related emergency department visits in the Netherlands 
and the LMR only collects data regarding hospital admissions. No national data on pa-
tients who visited a general practitioner could be included. Unfortunately, nowadays no 
main registry is available which includes all aspects of healthcare (i.e., hospital admis-
sions, emergency department visits, general practitioner visits, in both rural and urban 
areas combined). Such a national registry is desirable to accurately monitor healthcare 
shifts in the Netherlands. 
DIAGNOSTICS 
Over time, many imaging techniques were used to detect ankle or foot injuries. In par-
ticular for fractures, the most commonly used technique is a plain radiograph. In the 
past, plain radiographs were used for screening, to choose treatment strategy, and 
during follow-up. These plain radiographs are still used for screening and follow-up, but 
Computed Tomography (CT) with optional 3D reconstructions is often added to choose 
treatment strategy. The use of intra-operative 3D imaging such as 3D C-arm based im-
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aging devices are gaining popularity, they seem to have a positive effect on the anatom-
ical reduction of the posterior facet and visualization of screw positions, theoretically 
resulting in less re-interventions. In calcaneal fractures, Böhler’s and Gissane’s angles 
measured on plain radiographs, are of both therapeutic and prognostic value in the pre- 
and postoperative assessment. Surgeons should be aware that the accuracy of radio-
graphs, and hence radiographic measurements, can be influenced by multiple factors. 
This thesis (Chapter 3) clearly showed that foot positioning during the making of a 
lateral radiograph hardly affects Böhler’s angle and angle of Gissane. If used for clinical 
decision making in initial treatment and during follow up of calcaneal fractures, these 
parameters can reliably be taken from any lateral radiograph. Gonzalez et al. (8) found 
similar results concerning the influence of obliquity on accuracy, despite the fact that 
the orthopedic surgeons’ ability to identify the landmarks required to measure Böhler’s 
angle significantly decreased with increasing obliquity of the lateral radiograph (which 
was also noticed in our study).  
Currently, CT imaging is not only used to choose treatment strategy but also more 
often during clinical follow-up. CT images depict in more detail intra-articular incongru-
ences and the process of (non)union than plain radiographs. For these reasons, it is 
likely that the CT-scan will play are more prominent role during follow-up in the near 
future. Also not unthinkable are the use of Magnetic Resonance Imaging (MRI) with or 
without contrast (e.g., to assess viability of fracture fragments and cartilage) or other 
diagnostic modalities in the future.  
In the near future, 3D printing, computer-assisted navigation and augmented reality 
might improve the results of foot and ankle surgery. Research on the role these tech-
niques can play to assist pre-operative planning, has already started. 3D printing can not 
only be used to gain more insight into the three-dimensional anatomy, but also for 
example to determine the trajectory of sustentaculum tali screws after bending a plate 
in the correct position. In this manner the risk of intra-articular screws can be mini-
mized. By using these new techniques, management of patients with ankle and foot 
injuries can be more and more tailored to an individual patient. Concomitant damage 
can be limited even more by these new techniques. 
TREATMENT 
Since patients with ankle and foot injuries, especially displaced intra-articular calcaneal 
fractures, are known for their poor outcomes (9), long-term disabilities and rehabilitation 
(10-12), high complication rates (13-15), high socio-economic impact (16-20) and long 
interval to work resumption (10-12), many trials (19, 21-36) have been conducted in the 
past few years in order to define the best treatment. Non-operative treatment is most 
used for the non-displaced or extra-articular fractures, percutaneous treatment is in 
particular developed for tongue-type calcaneal fractures, and open reduction and inter-
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nal fixation (ORIF) for displaced intra-articular fractures. In the Netherlands, the most 
frequently applied treatment modalities have been open reduction and internal fixation 
(ORIF; 46%), non-operative treatment (39%), and percutaneous treatment (10%) (20).  
There is still a lot controversy about the best treatment strategy and literature has not 
been definitive in its treatment guidance. There are trends in literature that suggest that 
anatomic reduction and stable fixation is the best treatment strategy to optimize func-
tional outcome, patient satisfaction and minimalize posttraumatic arthritis (37-40). Be-
sides, some say that surgery decreases the risk for arthrodesis, but if arthrosis occurs the 
outcomes of secondary subtalar arthrodesis are better than after initial non-operative 
treatment (since calcaneal broadening and loss of height are more reduced after surgery).  
Whether anatomic reduction and stable fixation is the best treatment strategy is 
questioned by critics because the number of postoperative complications is considered 
high. Authors of a randomized controlled trial comparing operative versus non-
operative treatment (41), state that operative treatment by ORIF is no longer recom-
mended for displaced intra-articular calcaneal fractures because no significant differ-
ence in Kerr-Atkins score were found, and complications and reoperations were more 
common in the operative group. However, this study seem to have a selection bias 
since extra-articular fractures, open fractures and ‘grossly’ (undefined) displaced frac-
tures were excluded. The last two were presumably all treated surgically. Patients had 
the opportunity to select their own management option (depending on informed con-
sent). Furthermore, among the eligible patients 70% declined to participate (i.e., re-
cruitment rate was only 30%). No individual surgeon undertook more than six proce-
dures (median number of procedures per surgeon was two). These low number could 
negatively affect the surgical outcomes, since the complicated surgical procedure of 
calcaneal fractures require experienced surgeons. In the operated group, a residual 
articular step (greater than 2 mm) was noted on the postoperative CTs of 11 out of 51 
patients (22%), indicating an inaccurate operative reduction. 
New (minimally invasive) techniques and surgical approaches are frequently devel-
oped in order to improve results (Chapter 4). In this thesis, operatively treated patients 
reported better functional outcome scores than non-operatively treated patients with 
displaced intra-articular calcaneal fractures (Chapter 5). ORIF, through an extended lateral 
approach has been the most frequently utilized technique for surgically restoring the 
calcaneal anatomy through the last three decades (20, 42-45). The sinus tarsi approach 
(STA) is gaining popularity the last years (35, 46-48). Since less wound complications, in-
cluding flap necrosis seem to occur (49). Moreover, shorter operative time is needed (46), 
and the amputation rate (49) seems lower, while maintaining the possibility to reduce the 
fracture adequately. Again on this topic controversy exists, with high incidence of postop-
erative infections after STA and surgical expertise is required for the anatomical reduction 
(49). Finally, primary subtalar arthrodesis for most severe calcaneal fractures (Sanders IV) 
is recently increasingly advocated (50-53), as patients seem to have better functional 
outcome, fewer wound complications (50) and heal more quickly than treated with ORIF. 
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Surgical interventions are increasingly tailored not only to the fracture type and se-
verity but also to the individual patient needs (e.g., a primary arthrodesis in the middle-
aged, no high activity demanding patient with a severe comminuted fracture). This 
requires knowledge and surgical expertise of the orthopaedic trauma surgeons manag-
ing these fractures. Combined with new minimal invasive procedures restricted for the 
most experienced foot and ankle surgeons, the risk of complications might be further 
reduced and outcomes can be optimized. 
PAIN AND ANALGESICS 
Patients with a calcaneal fracture are initially treated with rest, compression, elevation, 
and ice (11, 54). Recently, computer-controlled cooling devices are developed to extend 
this last ‘ice-period’. In Chapter 6 of this thesis, a computer-controlled cooling device 
(Zamar Therapy) was used to examine the effect of cryocompression therapy (cooling) 
on swelling, time to surgery, complications, pain, and use of analgesics. 
Cryocompression therapy has been described in literature, mostly for elective or-
thopaedic knee surgery. The positive effects on pain and analgesics consumption as 
described in literature (55-57) is also found in this retrospective case-control study 
(Chapter 6). No hypothermic or other cooling-related injuries occurred in this popula-
tion. Although the findings in this study not overwhelmingly favors cooling, differences 
between the cooling and non-cooling group might be underestimated. Due to guide-
lines for new implemented techniques, patients who used the computer-controlled 
cooling device were pre-operatively admitted for a (longer) period of time. Of the pa-
tients who were not admitted, mostly patients in the non-cooling group, the data on 
medication use was less accurate as only the administered analgesics during hospital 
admission were concerned in this study. Recurring in patients feedback was the pain 
reducing effect; for this reason patients often used the cooling device for a longer peri-
od of time than initially recommended, or directly post-surgery instead of analgesics. 
This almost unanimous positive feedback is very valuable for future clinical practice, 
despite the absence of level 1 evidence. 
SOFT TISSUE COMPLICATIONS 
After trauma of the foot, swelling, ecchymosis and blistering often onsets rapidly. In 
order to avoid soft tissue complications, an appropriate delay of timing for surgery with 
respect for the soft tissue is paramount. Usually the soft tissue allows surgery within 
two weeks (37). However reduction and fixation after two weeks is suggested to in-
crease the risk of complications (58), in some cases surgery may be delayed up to four 
weeks. In particular patients with a tongue-type displaced calcaneal fracture are be-
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cause of the specific fracture displacement pattern, at risk to develop lesions at the 
posterior part of the heel where the skin is tented over the fracture fragment. If the skin 
is threatened and secondary soft tissue deterioration is lurking to develop in an open 
injury, surgical intervention at an early stage may be necessary. In Chapter 7, this mat-
ter is discussed. Unfortunately, no actual risk model for posterior skin compromise or 
complications could be composed. This chapter however shows that patients with 
tongue-type fractures are at risk for soft tissue complications. Especially during the pre-
operative period (i.e., not reduced fracture), early and frequent assessment of the skin 
is advised to detect and treat the soft tissue as soon as possible to prevent further dete-
rioration. Because closed or minimally invasive reduction and fixation techniques have 
lower risk of wound complications, these techniques may allow early surgery in these 
patients (59). To avoid wound complications after ORIF, a percutaneous closed suction 
drain is often applied (60). However, wound healing problems are among the most 
common complications after ORIF (39, 41, 61-64), and the interventions associated with 
these wound complications impede early rehabilitation.  
As the treatment of ankle and hindfoot fractures, in particular calcaneal fractures, is 
dependent on the condition of the soft tissue, one focus of future research should be on 
optimizing the local surgical environment in order to minimize the risk of wound complica-
tions. Widely accepted is delayed surgery, the return of skin wrinkles to the lateral aspect 
of the foot at the surgical incision site is often used as a guide for timing surgery, which is 
usually possible at about seven to 14 days after injury (65). But in fact, it is unknown if 
delayed surgery is better than acute surgery. The organizational problem of acute surgery 
is the need for further concentration of operative care. Since longer delay may be associ-
ated with increased difficulty in obtaining a reduction and closing the surgical incision, 
achieving swelling reduction should be achieved as soon as possible after trauma. A ran-
domized controlled trial on a computer-controlled cooling device was started in late 2015 
by our research unit. It was hypothesized that continuous cryotherapy combined with 
static compression was a better alternative to the current swelling reduction methods 
(i.e., pressure bandage, plaster cast, and pneumatic compression). To lower the tempera-
ture of the injured tissue, which would reduce the tissue's metabolic rate, the tissue was 
assisted to survive the period following the injury. The expected preoperative and postop-
erative swelling reduction was also thought to result in earlier surgery, shorter hospital 
length of stay and earlier mobilization, which in turn reduces the risk of adverse events, 
reliefs pain (less analgesics use). Despite the participation of six Dutch high volume cen-
ters, unfortunately this study has been stopped due to a low inclusion rate. 
POSTOPERATIVE REGIME 
The non-weightbearing rehabilitation period of patients after ankle or foot trauma and 
surgery is often invalidating. This period is not only associated with high social-
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economic costs (19, 20, 66-68), but also psychological and physical (e.g., muscle and 
bone mass degeneration) impairments. In Chapter 8 a review is presented on (early) 
weightbearing after calcaneal surgery. This review depicts that the time to post-
operative partial weightbearing has no effect on the Böhler’s angle at follow-up, other 
radiographic parameters, functional outcomes, and complications. The data suggest 
that early (< 6 weeks after surgery) partial weightbearing after calcaneal surgery does 
not result in impaired outcome compared with the current (more conservative) 
weightbearing regimes with their accompanying disadvantages. Of course there are 
limitations of this review and no hard conclusions can be drawn, but literature on ankle 
fractures found comparable results (10, 69-71).  
Prospective studies need to be conducted to assess and change current post-
operative weightbearing guidelines. In such studies the effect of non-resorbable bone 
void fillers in the subtalar defect, which are assumed to allow direct full weightbearing, 
should also be further investigated. In the future new developments like Virtual Stress 
Testing (VST), which provides a non-invasive estimate of bone healing through a CT 
scan, has the potential to provide a quantitative, objective measure to identify fractures 
who could safely handle bearing weight (72). Weightbearing compliance could be moni-
tored via flexible shoe insoles. The insole includes pressure and force sensors that 
measure the force applied at key bearing points under the foot. Such a self-learning 
adaptive weightbearing monitoring system also can deliver electrical, mechanical, 
and/or audio feedback to encourage a patient to load the optimal target weight. With 
continuous feedback patients are able to improve their rehabilitation (73, 74). 
Another new technology to measure the amount of joint loading are smart implants. 
Smart orthopedic implants can provide real-time biofeedback, measure joint loads (via 
multichannel telemetry systems), and detect infections to researchers, physicians, or 
patients on how implants are performing. Although this technology is not used in calca-
neal surgery, it is theoretically promising to provide loading information on the osteo-
synthesis material and therewith the possibility to adapt weightbearing recommenda-
tions (75, 76).  
Radiostereometric Analysis (RSA) could also be used in the future. Implanted mark-
ers are currently used to evaluate prosthesis migration. If those marker beads are in-
serted in specific landmarks (e.g., processus anterior, superior tip of the posterior facet 
and calcaneal tuberosity) RSA could be used to monitor changes in calcaneal height 
during follow-up for example (77).  
FUNCTIONAL OUTCOME 
Besides clinical measures such as mortality, radiographic healing, complication rate, re-
operation, and readmission also to what extent a patient is able to function in daily 
living is relevant in modern clinical practice and clinical research. To monitor recovery 
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after (non-) operative treatment of musculoskeletal injuries from a patient’s perspec-
tive, functional outcome scores are frequently used. In Chapter 9 to 11, the use of the 
American Orthopaedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot Scale is translat-
ed and validated. This questionnaire enables detailed evaluation of functional outcome 
and quality of life of patients. For patients with a hindfoot fracture (Chapter 10), the 
AOFAS-DLV has adequate construct validity and is reliable. However, the inadequate 
longitudinal validity and responsiveness hamper the use of the questionnaire in longitu-
dinal studies and for assessing long-term functional outcome. In patients who suffered 
an ankle fracture (Chapter 11), the Dutch language version is a reliable, valid, and re-
sponsive measurement instrument. 
In contrast to Patient-Reported Outcome Measures (PROMs), the AOFAS-DLV con-
sists of a patient-reported and a physician-reported part. The latter makes the ques-
tionnaire less feasible in clinical practice. Also recently criticism is raised against the 
AOFAS Clinical Rating Systems (78). The skewed behavior of the score is questioned, 
with for example only one question concerning the pain subscale, contributing 40% of 
the total score. Furthermore linguistic issues, may negatively affect reliability and validi-
ty, and makes it more prone to ceiling effects (78, 79). Despite these concerns, the 
AOFAS Ankle-Hindfoot Score remains among the most commonly used instruments, 
especially for patients with hindfoot fractures. It is especially an interesting instrument 
because it asks for hindfoot-specific complaints or deviations, which are not included in 
other lower extremity-specific instruments. 
The AOFAS-DLV can be built in electronic patient record systems to score functional 
outcome at follow-up on a regular base or to use it for national hospital registries. The 
main disadvantage of the AOFAS-DLV for such purposes is the physician-reported part 
which is time consuming and will be at the expense of other work-related activities. 
Actual PROMs (e.g., EuroQol-5D) or, even better, PROMIS (Patient-Reported Outcomes 
Measurement Information System) are likely to be more suitable for registries or regu-
lar evaluations in the future. PROMIS is a set of patient-centered measures that evalu-
ates and monitors physical, mental, and social health in patients. PROMIS is designed by 
the National Institutes of Health to enhance communication between clinicians and 
patients in research and clinical settings. This involved the creation of question banks 
for major health domains using item response theory and computerized adaptive test 
tools. With computerized adaptive testing, responses to individual questions as well as 
the relations between questions in a specific health domain are examined, and only the 
most appropriate questions for the respondent’s level are administered from the item 
bank. With the use of PROMIS there will be less question burden than the currently 
used PROMs. The brevity of PROMIS questionnaires is helpful for efficient data collec-
tion in the future (80, 81).  
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SUMMARY 
Chapter 1 is a general introduction to the topics and an overview of literature on ankle 
and hindfoot injuries. It shows that calcaneal fractures are relatively rare. The calcaneus 
however is the most commonly fractured tarsal bone in adults, representing 60% of all 
tarsal fractures, they are associated with a long-term rehabilitation period, burden, and 
high socio-economic costs. The fundamental anatomy, fracture classification systems, 
clinical assessment, and management of patients with ankle or hindfoot fractures are 
discussed. This chapter also provides an overview of this thesis. 
In Chapter 2 population-based trends in attendance and health care costs due to ankle 
and foot injuries in the Netherlands from 1986 to 2010 were presented. The overall 
emergency department attendance rate of ankle and foot injuries in the Netherlands 
decreased by 25% since 1986, from 858 per 100,000 to 640 per 100,000 persons in 
2010. The attendance rate of ligamentous injuries strongly reduced, whereas the rate of 
osseous injuries nearly doubled. The total costs were 161.9 million euro in 2010. The 
direct health care costs per case were highest for osseous injuries of the ankle (€ 3,461). 
Costs per case were higher for females and increased with age to € 6,023 in elderly 
males and € 10,949 in elderly females. The main cost determinants were in-hospital 
care (56% of total costs), rehabilitation/nursing care (15%), and physical therapy (12%). 
Indirect health care costs like absenteeism and work disability were not taken into ac-
count, but often higher than direct health care costs. 
Chapter 3 is a radio-anatomical study in which the effect of lower leg position on Böh-
ler’s and Gissane’s angle was evaluated by simulating malposition with craniocaudal and 
posteroanterior angular variations from the true lateral radiograph. Böhler’s angle de-
creased with increasing caudal angular variations (max. -4.3° deviation at -30°). With 
increasing the posterior angular variations, Böhler’s angle increased (max. 5.0° deviation 
at +30°) from the true lateral radiograph, but all deviations were within the measure-
ment error. The deviation of the angle of Gissane was most pronounced in the cranial 
direction, with the mean angle decreasing by -8.8° at +30° angular variation. Varying 
angular obliquity in the caudal and posteroanterior direction hardly affected Gissane’s 
angle. Thus, foot positioning during the making of a lateral radiograph has little influ-
ence on Böhler’s and Gissane’s angle. If used for clinical decision making in initial treat-
ment and during follow up of calcaneal fractures, these parameters can reliably be 
taken from any lateral radiograph. 
An adequate reduction of displaced calcaneal bone fragments provides the best basis 
for good functional outcomes. However, reduction and fixation can be challenging due 
to the small target area and the presence of neurovascular structures on the medial 
side of the calcaneus. In Chapter 4 a Screw Targeting Clamp, which facilitates surgeons 
in sustentaculum tali screw placement was investigated. Data suggest that this Screw 
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Targeting Clamp can be of additional value for adequate positioning sustentaculum tali 
screws, especially for relative inexperienced surgeons. Furthermore, perioperative 3D 
recordings facilitate identification of malpositioned screws better than with 2D evalua-
tion (five additional screws would have required repositioning based on 3D evaluation). 
Many aspects of calcaneal fracture management are controversial. Treatment of frac-
tures requires a comprehensive understanding of its complicated anatomy and fracture 
displacements and a lot of surgical experience. In order to find out what the optimal 
treatment for displaced intra-articular calcaneal fractures was, the outcomes (e.g., 
health-related quality of life, overall patient satisfaction, interval to work resumption, 
and the prevalence of complications and late interventions) of different treatments 
were discussed in Chapter 5. Patients with calcaneal fractures treated by open reduc-
tion and internal fixation (ORIF), percutaneous treatment, or non-operative methods 
were studied. Significantly more disability was reported in the non-operative group 
(median Foot Function Index score, 40 points) than in the ORIF group (16 points; 
p=0.010) or in the percutaneous group (21 points; p=0.034). Patients treated with ORIF 
or percutaneous screw fixation reported better functional outcome scores than did the 
non-operatively treated patients. 
Pain and therewith the need for analgesics are common in patients with lower extremi-
ty injuries. Cooling devices have been developed in order to reduce swelling, pain, need 
for analgesics, and wound complications. In Chapter 6 the effect of such a computer-
controlled cooling device on pain levels and the need for analgesics was investigated in 
adult patients who sustained an ankle or hindfoot fracture. In this retrospective case-
control study, 18 patients (cases) with cooling and 17 patients (controls) without cool-
ing were evaluated. Patients seem to benefit from computer-controlled cooling regard-
ing pain sensation and analgesics use in particular after surgery. After surgery, fewer 
patients in the cooling group used paracetamol (p=0.041) and NSAIDs (p=0.006). No 
statistically significant differences in opioids (p=0.264) and Patient Controlled Analgesia 
(PCA-pump) (p=0.691) use were found. Furthermore, comparable rates of complica-
tions and secondary interventions were found in both groups. Patients were highly 
satisfied (eight out of ten points) with cooling as swelling reduction method but equally 
satisfied if no cooling was used. 
Chapter 7 focused on soft tissue complications in particular in tongue-type displaced 
intra-articular calcaneal fractures. This international, retrospective cohort study showed 
that patients with a tongue-type displaced intra-articular calcaneal fracture were at 
increased risk of developing overall complications compared with patients with a non-
tongue-type fracture. Despite a study population size of 560 patients (with 632 dis-
placed intra-articular calcaneal fractures), after correction for confounders no statisti-
cally significant higher risk (OR 1.497; 95% CI 0.831-2.696) could be demonstrated con-
cerning posterior skin and soft tissue compromise at hospital presentation. For patients 
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with severe (soft tissue) injuries immediate surgery is necessary, but apart from those 
patients postponing surgery (3-7 days or ≥ 8 days) does not affect outcome. 
Chapter 8 is a systematic review and pooled analysis of 72 studies reporting on 
weightbearing regimes in patients with surgically managed closed displaced intra-
articular calcaneal fractures. Non-weightbearing is usually recommended for six to nine 
weeks after surgery. The long-term rehabilitation period accompanied with these frac-
tures often results in high socio-economic costs, delayed work resumption, and loss of 
muscle and bone mass. Böhler’s angle and angle of Gissane, calcaneal height, AOFAS 
ankle-hindfoot score, pain, and complications were examined in relation to different 
weightbearing regimes, they all had overlapping confidence intervals. For example, the 
95% confidence intervals of Böhler’s angle at final follow-up were: 25° [95% CI, 23-27°], 
23° [95% CI, 21-25°], and 24° [95% CI, 17-32] in the early, intermediate, and late partial 
weightbearing groups, respectively. The results of this review showed that weightbear-
ing within six weeks after internal fixation of calcaneal fractures does not result in im-
paired outcomes compared with the current (more conservative) weightbearing re-
gimes.  
In this thesis the translation and validation of the American Orthopedic Foot and Ankle 
Society (AOFAS) Ankle-Hindfoot scale is discussed. The study protocol is described in 
Chapter 9. The measurement properties of the questionnaire were examined in 118 
patients with unilateral hindfoot fracture in Chapter 10, in this population the Dutch 
translation of this instrument (AOFAS-DLV) showed adequate construct validity (82.4% 
of predefined hypotheses were confirmed) and reliability (70.6%). The inadequate lon-
gitudinal validity and responsiveness, however, hamper the use of the questionnaire in 
longitudinal studies and for assessing long-term functional outcome. In Chapter 11, 142 
patients with an ankle fracture were investigated. This study showed that the AOFAS-
DLV is a reliable, valid, and responsive measurement instrument for evaluating func-
tional outcome in patients with a unilateral ankle fracture. The AOFAS-DLV subscales 
showed good internal consistency (Cronbach’s alpha > 0.90), adequate construct and 
longitudinal validity (76.5% of predefined hypotheses were confirmed), adequate re-
sponsiveness (smallest detectable change of 12.0 points), no floor effects, and as ex-
pected ceiling effects present from six months onwards. These results imply that the 
questionnaire is suitable to compare different treatment modalities within this popula-
tion or to compare outcome across hospitals. 
Finally, the general discussion and future perspectives are discussed in Chapter 12. 
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SAMENVATTING 
Hoofdstuk 1 is een inleiding in het onderwerp en presenteert een overzicht van de be-
langrijkste literatuurgegevens over enkel en achtervoetletsels. Hierin wordt beschreven 
dat calcaneusfracturen zeldzaam zijn maar als ze optreden er een langdurige revalidatie 
periode en hoge socio-economische kosten verwacht kunnen worden. De anatomie, 
fractuur classificatiesystemen, klinische beoordelingen en behandelmogelijkheden van 
patiënten met enkel- en achtervoetletsel worden in de hoofdstuk beschreven. 
In Hoofdstuk 2 worden op populatie-gebaseerde trends in ziekenhuisopnames en zorg-
kosten als gevolg van enkel- en voetletsel in Nederland in de periode 1986 tot 2010 
beschreven. Spoedeisende Hulp bezoeken vanwege enkel- en voetletsel is in deze peri-
ode in Nederland afgenomen met 25%. Met name ligamentair letsel was sterk afgeno-
men, terwijl patiënten die wegens ossaal letsel de Spoedeisende Hulp bezochten bijna 
was verdubbeld. De zorgkosten per persoon waren het hoogst voor ossaal enkelletsel (€ 
3.461). De kosten waren hoger voor vrouwen en namen toe met toenemende leeftijd 
tot € 6.023 in oudere mannen en € 10.949 in oudere vrouwen. De belangrijkste kosten 
determinanten waren ziekenhuiszorg (56% van de totale kosten), revalidatie en ver-
pleegkundige zorg (15%) en fysiotherapie (12%). 
Hoofdstuk 3 is een radio-anatomische studie waarin het effect van malpositie van de 
voet op de hoeken van Böhler en Gissane werden geëvalueerd. Deze malpositie werd 
nagebootst met craniocaudale en posteroanterieure variaties in inschiethoeken ten 
opzichte van de daadwerkelijke laterale röntgenfoto. De hoek van Böhler nam af met 
toenemende inschiethoeken in de caudale richting (maximaal -4.3° afname bij een in-
schiethoek van -30°). Met toenemende inschiethoek variatie in posterieure richting, 
nam de hoek van Böhler toe (maximaal 5.0° bij een inschiethoek van +30°), echter wa-
ren alle afwijkingen binnen de meetfout. De afwijkingen in de hoek van Gissane waren 
het meest uitgesproken in de craniale richting, de hoek nam met 8.8° af bij een in-
schiethoek van +30°. In de caudale en posteroanterieure richting wijzigde de hoek van 
Gissane nauwelijks. Concluderend heeft malpositie van de voet gedurende röntgenop-
namen nauwelijks invloed op de hoeken van Böhler en Gissane. Deze hoeken worden 
gebruikt als hulpmiddel bij diagnostiek, behandelkeuze en gedurende klinische follow-
up van patiënten, voor deze doeleinden kunnen ze betrouwbaar worden gemeten op 
elke laterale röntgenfoto.  
Een adequate reductie van gedisloceerde calcaneus botfragmenten lijkt essentieel te 
zijn voor een goed functioneel resultaat. Reductie en fixatie kan echter uitdagend zijn 
door de smalle landingszone en de neurovasculaire bundel aan de mediale zijde van de 
calcaneus. In Hoofdstuk 4 wordt een Screw Targeting Clamp, welke de chirurg faciliteert 
bij het plaatsen van sustentaculum tali schroeven, onderzocht. Uit deze studie blijkt dat 
de Screw Targeting Clamp van toegevoegde waarde is voor het plaatsen van sustenta-
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culum tali schroeven, met name voor relatief onervaren chirurgen. Perioperatieve 3D 
opnamen helpen beter bij de identificatie van verkeerd gepositioneerde schroeven dan 
2D opnamen (gebaseerd op 3D opnamen zouden vijf extra schroeven in deze studie 
gerepositioneerd moeten worden). 
Vele aspecten in de behandeling van calcaneusfracturen zijn controversieel. Voor de 
behandeling van calcaneusfracturen is kennis van de ingewikkelde anatomie en frac-
tuurverplaatsingspatronen vereist. Om uit te zoeken wat de optimale behandeling is 
voor gedisloceerde intra-articulaire calcaneus fracturen, werden diverse uitkomstmaten 
(b.v. gezondheid-gerelateerde kwaliteit van leven, patiënttevredenheid, tijd tot werk-
hervatting en het voorkomen van complicaties en late interventies) na verschillende 
behandelingen besproken in Hoofdstuk 5. Patiënten met een calcaneusfractuur welke 
behandeld zijn met open reductie en interne fixatie (ORIF), percutane behandeling of 
niet-operatieve methoden werden bestudeerd. Significant meer beperkingen werden 
gerapporteerd in de niet-operatieve groep (mediane Foot Function Index score van 40 
punten) in vergelijking met de ORIF groep (mediane score 16 punten, p=0.010) of de 
percutane groep (mediane score 21 punten, p=0.034). De geopereerde patiënten (ORIF 
en percutane behandeling) rapporteerde betere functionele uitkomst scores dan de 
niet-operatief behandelde patiënten.  
Pijn en het bijbehorende analgetica gebruik komen vaak voor bij patiënten met letsels 
van de onderste extremiteit. Koelapparatuur is ontwikkeld om deze pijn, analgetica 
gebruik en wondcomplicaties te beperken. In Hoofdstuk 6 wordt het effect van een 
computergestuurde koelbrace op pijn en analgetica gebruik in patiënten met een enkel 
of voetfractuur onderzocht. In deze retrospectieve case-controle studie zijn 18 patiën-
ten (cases) met koeling en 17 patiënten (controles) zonder koeling onderzocht. De 
computergestuurde koeling lijkt met name postoperatief de pijnsensatie en analgetica 
gebruik te reduceren. Postoperatief gebruikten in de koeling groep minder patiënten 
paracetamol (p=0.041) en NSAID (p=0.006). Er werden geen statistisch significante 
verschillen in het gebruik van opioïden (p=0.264) en Patient Controlled Analgesia pom-
pen (p=0.691) gevonden. In beide groepen (koeling versus geen koeling) werden verge-
lijkbare percentages complicaties en secundaire interventies gevonden. Patiënten wa-
ren zeer tevreden (acht van de tien punten) met koeling als zwelling reductie methode.  
In Hoofdstuk 7 kwamen weke delen complicaties aan bod, met name in tongue-type 
gedisloceerde intra-articulaire calcaneusfracturen. Deze internationale, retrospectieve 
cohort studie liet zien dat patiënten met een tongue-type calcaneusfractuur een ver-
hoogd risico hebben op het ontwikkelen van complicaties vergeleken met patiënten 
met een niet-tongue-type calcaneusfractuur. Ondanks dat in deze studie 560 patiënten 
met 632 gedisloceerde intra-articulaire calcaneusfracturen werden onderzocht, kon in 
multivariate analyse geen statistisch significant hoger risico (OR 1.497; 95% CI 0.831-
2.696) op posterieure huid en weke dele schade bij ziekenhuispresentatie worden aan-
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getoond. Voor patiënten met ernstige (weke delen) letsels is directe chirurgie vaak 
noodzakelijk, maar behalve voor deze patiënten beïnvloedt het uitstellen van een ope-
ratie (3-7 dagen of 8 dagen of meer) de uitkomsten niet. 
Hoofdstuk 8 is een systematisch review van 72 studies welke diverse belastbaarheid 
strategieën beschreven in patiënten met een operatief behandelde gesloten gedislo-
ceerde intra-articulaire calcaneusfractuur. Patiënten met calcaneusfracturen worden 
normaliter aangeraden pas te starten met partieel belasten na zes tot negen weken 
postoperatief. De langdurige revalidatie periode die gepaard gaat met deze fracturen 
resulteert vaak in hoge socio-economische kosten, vertraagde werkhervatting en verlies 
van spier- en botmassa. In deze studie werden onder andere de hoek van Böhler, hoek 
van Gissane, calcaneus hoogte, AOFAS, pijnscores en complicaties in relatie tot verschil-
lende belastingperioden onderzocht, alle betrouwbaarheidsintervallen overlapten. De 
resultaten van dit review toonden dat belasten binnen zes weken na interne fixatie van 
calcaneusfracturen niet resulteerde in slechtere uitkomsten in vergelijking met de hui-
dige (meer conservatieve) belastbaarheid strategieën.  
In dit proefschrift is de vertaling en validering van de American Orthopedic Foot and 
Ankle Society (AOFAS) Ankle-Hindfoot scale besproken. Het studieprotocol is beschre-
ven in Hoofdstuk 9. De meeteigenschappen van de Nederlandse vertaling van het in-
strument (AOFAS-DLV) werden in 118 patiënten met een unilaterale achtervoetfractuur 
onderzocht in Hoofdstuk 10. In deze populatie bleek de construct validiteit en de be-
trouwbaarheid van de vragenlijst adequaat. De inadequate longitudinale validiteit en de 
responsiviteit belemmeren echter het gebruik van de vragenlijsten in longitudinale 
studies en om lange termijn functionele resultaten te beoordelen. In Hoofdstuk 11 zijn 
142 patiënten met een enkelfractuur geïncludeerd. De resultaten van deze studies 
toonden dat de AOFAS-DLV een betrouwbare, valide en responsief meetinstrument is 
voor het evalueren van functionele uitkomsten in patiënten met een unilaterale enkel-
fractuur. De AOFAS-DLV subschalen lieten goede interne consistentie (Cronbach’s alfa > 
0.90), adequate construct- en longitudinale validiteit, geen bodemeffecten en zoals 
verwacht plafondeffecten vanaf zes maanden zien. De resultaten impliceren dat de 
vragenlijst geschikt is om verschillende behandelmethoden in deze populatie te verge-
lijken of resultaten tussen ziekenhuizen te vergelijken. 
De algemene discussie en toekomstperspectieven worden beschreven in Hoofdstuk 12.  
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tal mooie jaren! 
Lieve Puck, jij bent een ware aanvulling op mijn leven, al ruim tien jaar ben jij in staat 
om mij te kalmeren en te helpen relativeren op de juiste momenten. Thuiskomen is 
echt ontspannen. Ik voel me een gelukkig man met jou aan mijn zijde, de reden waarom 
we dat dit jaar gaan bezegelen met een huwelijk. Zonder jouw eindeloze geduld en 
luisterend oor, was dit proefschrift geëindigd in een boek vol frustraties.  
Gup, ontzettend bedankt! 
Contributing Authors 
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1. PhD training 
 Year Workload (ECTS) 
General courses  
- Biomedical English Writing and Communication 
- Integrity in Science  
- Biostatistics and research (Biostatistical Methods I) 
- Basiscursus Regelgeving Klinisch Onderzoek (BROK) 
- OpenClinica training 
- Research Manager 
 
2016 Nov 
2016 Oct 
2016 Sept 
2015 Sept 
2015 Oct 
2015 Dec 
 
3 ECTS 
0.3 ECTS 
3 ECTS 
1 ECTS 
1 ECTS 
1 ECTS 
Specific courses (e.g. Research school, Medical Training) 
- ANIOS surgery – Ikazia hospital, Rotterdam 
 
2014 – 2015 
 
 
Seminars and workshops 
- Advanced Trauma Life Support (ATLS) course 
- Advanced Life Support (ALS) course 
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2014 
2015 
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1 ECTS 
1 ECTS 
1 ECTS 
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• NVvH Najaarsdag 2016 
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• NVT Traumadagen 2017 
 
2015 
 
2013 
2014 
2016 
2017 
2017 
2017 
 
2 ECTS 
 
1 ECTS 
1 ECTS 
1 ECTS 
1 ECTS 
1 ECTS 
1 ECTS 
(Inter)national conferences 
- Traumadagen 2015 
- NVvH Chirurgendagen 2016  
 
2015 
2016 
 
1 ECTS 
1 ECTS 
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Year 
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- Teaching 
 
2014 - 2017 
 
 
Supervising practicals and excursions, Tutoring 
- Basic Life Support examinator  
 
2015 - 2017 
 
1 ECTS 
Supervising Master’s theses 
- F. van der Sijde (AOFAS-DLV)  
- L. Vellekoop (AOFAS-DLV / RASFIX) 
- R. Tjioe (AOFAS-DLV) 
- F. van ‘t Land (TT-DIACF) 
- G. van Moolenbroek (Weightbearing) 
 
2015 
2015 / 2016 
2016 
2016 
2017 
 
2 ECTS 
2 ECTS 
2 ECTS 
2 ECTS 
2 ECTS 
Other 
- Supervising (Bachelor) research students 
- P. Janssens 
- J. van Dijk 
- G. de Smet 
 
2015 - 2017 
2016 
2016 
2016 
 
3 ECTS 
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of the Mara Foundation Rotterdam, a national humanitari-
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Balkans. With contributions of Dutch students, he visited 
Albania and Moldova, twice. During Medical School he 
joined the student team ‘Les Forgerons’ of the Department 
of Emergency Medicine of the Ikazia Hospital in Rotterdam, where he really became 
interested in the field of surgery. In the beginning of 2010 he went to the Hospital Ra-
fael Ángel Calderón Guardia in San José, Costa Rica (dr. A. Fonseca) for a clinical intern-
ship. He visited the Department of Surgery at the Rui Jin Hospital, Shanghai, China 
(prof.dr. Yiming Lu) for a research internship in 2011. In the same year, before his clini-
cal internships, the groundwork for this thesis was laid at the Erasmus MC, Rotterdam. 
 
He obtained his medical degree in April 2014, after which he started working as senior 
house officer at the Ikazia Hospital under supervision of dr. P.T. den Hoed. In June 2015 
he continued his research career fulltime as a PhD candidate at the Department of 
Surgery-Traumatology (Trauma Research Unit Erasmus MC) under supervision of 
prof.dr. M.H.J. Verhofstad. He focused on lower extremity injuries, mainly on displaced 
intra-articular calcaneal fractures. In January 2018, Siebe started the surgical residency 
training in Rotterdam (dr. B.P.L. Wijnhoven) at the Ikazia Hospital (dr. P.T. den Hoed). 
 

